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'Titles 

& FIELD OF TEE IHVBHTIOH 

This inv^ntidrj relates to nd-rel snwtaftt efi^yises or 
enzyme variants u^^fuX in forsjulating dettergent coispositlons 
in exhibiting iisproved msh perf otemrice , cleaning aiud d^ter" 
Id g«tit coispaisxtlonis costslGing said ensj^ies , s*utate3 genies coAi*^^ 
fpr tfeie expression of said erssymes when inserted in a suitable 
host cell 03? orgahls^i, and matfsods of selecting tJis asi^o aeid 
residxses to be changed in a jsarent en;£f;i8e in order to perform 
batter in a qiv&n wash lii^UiSj? atidef sgi^blfied eon.ditio.ns. 

In the detergent industry enzyiaes have for siore thss 
20 years been iTsplemented ih vaahing formulations. Ensyiaes used 
20 i.n such f orsjuiations comprissi prot«:as<ss, lipases, as^ylase^f 
oellulas^E^ as v^ell ss other erjsyM^^^ or siixttres thereof, 
cp^sjKiisrpiaXiy Juost isiportant are proteases. 

Mthough proteases ha^e bssew used in ttee deter^ont 
industry tor ispre than 2D years, it is stili npt exactly known 
25 whicfe physical or chemioal oiiaracteriistiGs are reepottslbl® for 
a ^ood ^.''ashihg performance ot a^^^ a protea^*^. 

The purrently used protsases have been found by 
isolating |>rote^ses f re^u nature and testing th.e«i in detergent 
f orsauXatioBS . 

30 

Bnzymes cXeai?ing tise aKiide linkages in prPtPin substra- 
t0S are classified as proteases, or ( interchangeably) peptida- 
ses (B©e Walsh; 1979, Snsyjnatic fiesctlori Mechanisms. W,H. 
35 Freejsan and CoTBpany , Sart F.ra.nciscOi Chapter 3} . Bacteria of the 
Bacillus species secrete two esttraceliular species ox protease, 
a neutral, or BetaliPprotease, asid an alkaline protease which 
is functionally a serine endo|>eptidase, referred to as subtiii- 
siiiv Secretion of these proteases has beeo linked to the 



bacterial growth cyols, ?^it,b greatest ©^pression of protease 
dt3.ring the stationary piia&e^ m&n spi>tmla.tLoT- also oqey:rs. 
Joliffe et al, {I9m, Bacterial 141; I199»120S) has saggesitiad 
tfeat Bacillus prot©ase;s function Id sell wail tXirjio-v^Br* 

A seriBa protease is ar5 ensyKs® whicii catalyses the 
-bydrolysis of peptide bonds, and in which there is an ess«h~ 
t£al ser;iB^ residue at the active site (White, Handler and 

10 Smith, 1^73 «Prineiples of Biochemistry,'* Fifth laition, 
McGraw-Hill Book Cojspaay , HY^ pp, 211-272) , 

The feacterial ssrifte proteases have koleeiilar weights 
in; the 20^ 000 to 45, 000 ra«gs. •Shey are inhibited foy diisopro- 
pyafluoropbosphate, but in cohtrast t» ssetalloproteases, are 

15 ri^sistaht to ethylene diajuinq. t.etraaoetio acid (EDTA) (ai- 
thp-ugh they are stabilized at high teissperatnrfes fey calcium 
iohss) * oaiey hydrdly^o sisplfe terisinal esters aisd are ©iteilar 
in aetiS?ity ta eukaryptic chymotryps^in^. also a seririe pro- 
tease, A mm narrow terss^ alltalih^ protease, covering a 

20 sub^grcnspf. - reflects the high pH optiisnm of; son& of the serine 
protesses, from »K s.O to 11.0 (for reTriew,. see Priest, 1^77^ 
Bacteriological Rev. 4 1 ; 71 l~?53 ) , 

Ift relaticn to the present invention a subtilisln is 
a serine protease produced by GraB-positivs bacteria or f^.mqi„ 

as ^ wide variety of subtilisins have been identified, and the 
amino acid seqxjence of a nwEiber of subtil is ins have been 
determined. -Xnese include at least six sabtilisins from 
MS-lliais strains, naneiy, ..sxibtiiisin 168, subtilisin BPN», 
stibtili^sin Cari^berg, subtiiisi.n Wf subtilisin amylosaochari- 

30 ticus^ aTsd sjsesentericepeptidase (Kurihara et al , , 1972, 
^>Bxol,mmsi. Z4ii$&29~mtli Wfelis et ai,, lS83, Muolaic Acids 
Resi lljrsll-792Sj Stahl and Ferrari, 19B4, J . Bsicter ibl * 
iS9:Sll^S19^ Jacobs et ai. , 1pm, Kucl.Aexds Kes. 13J8913-* 
mi$t liedkoy et al.,- 1985, Blol^cheis, Hoppe-seyler 3f6J421" 

3S 430^ Svehdsen et al. , pse, FEB$ Lett 196s aaa--232) , one 
subtilisin trosa an actinomycetales , therjaitase trtm ^fa^issz 
asfctewces vu3.gaM^ (MBltswn et al . , 1S8S , MBS I^ett. 
.X§$i-200| y and one fungal subtiiisi.n, proteinase K from T^i;", 
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iiirasfeim-illfeuia (Jajrv and Mayer, ISSS, Biol.Cliesi, Hoppe-Seyler 
3661584-492} , 

SubtiXisins are well-^cfearactarised phYsicaXlY and 
cheBiGally, In addition to knowl-edige of the ^rissary striacture 
S (amih© acid sequence) of th^se enspKes, over §0 iiigh resolution 
l-ray struettirsa of s^btiiisin hay® fefesj) aeters^ihM t^hiqh 
iieline^t^ :th«. Mhdijjg of ^abstrate, transition state ^ prodticts, 
st least thiJee different )|srot«;ase infiibitors^ and defies ti^e 
structural oonsequences for natural variation (Eraut^ 1977, 

IQ tes.Bev.Bipcbm, 4&;331~368) . 

iTi the cdntaxt of tklis inv^^ntiony: a, siabti lis. in variant 
or siutatsd ssJbtiiisirs protease mans a subtilisin tilat l^as foser? 
produc^^d by an organisss which expressing a siutant gene 
aerived from a ;^;ars.nt microv-jx-ganisrti t'?hiph possessed an original 

IS or parent ^feji©. and iwhielij produssad a corresponSinc* parent- 
enzysie, the parent gerse having foaen mutated in order to produce 
the Tsutant gene frors which said Sii^tated H>.!btiliSf:in. protaas® is 
produced when expressed in a euitable host. 

Sandosi and site-directed mutations of th© sufotiii&in 

20 gene have both arisen from knowledge of the pfeysical ana 
cheialcal propertiea of the ansyme and contributed inforsation 
relating to jsuhtilisln ' S: eataiytic activity^ substrate speci- 
ficity, t^rtiaiy structure , etc. {Wells et al., 1987, 
Prqc,Natl*l^cad. Sci. l?,.S,:A, S4; 12X9-1223:; wells et al,, i98S,, 

23 PMl. Trans. R. Boo vLond.X. 317 1 4X5-423 ^ Kvang and warshel, 1907^ 
Bipcheig. ;26ja66§~2673r KiBO et al., 1987, Nature 338 S551-5S4) . 

Especially si ta~dirs!Cted jstit^genesiis of the su&tilisin 
ganes has attr-acted much attention, and vasrions imutations are 
described in the follow ihg patent applipatxdns and patents j 

3^ EP pijfol, no, 130756 ((SEHEK^TBCH) (corresponding to US 

Mtsnt No. 4/760,023 (GEHENeOE) ) relating to site specific or 
randoisly gsneraited mtttations in "ceirbonyl hydrolases*' and 
snbsemjent screening of ths sntated enzymes fs>r v-arioas 
properties, such as ^^,^4/% ratio, pH-activity -pxoiiX^f and 

35 oxidation stability. Apart fxm revealing that site-specific 
mutation is feasible, and that jsutation of subtil isin BPM* in 
certain specified positions, i.e. ~'Tyr,,: ^^Asp, ^^^Asn^ '^^'"Tyr:^. 
^^%et, ^**Gly, *^Kis, ^%ly, ^^Phe, ^^Ser, ^^Tser. ^1^^^^^ ^S6g,,^ 
'^''Ala, provide for ensyjses exhifeiting altered properties, this 
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applieati©n Soss not cefttrlteute to solving tJi© preteJL^m of 
d®cidix?g %?h-ere to introduce jGWtations ii> ord^r to ofetain 

BP publ. no. 214435 (HESKEI.) reiat-ing to cloniTig asid 
5 expression of s^itotilisirs CarXsb^rg and two mutants thereof. In 
this ajjplicstion ns> tm&^m t<^r mt^im of ^^^sp ta ''^Sas? and 
^*%er to ^^^Asp is provided. 

In International patent publication Mo. WO 87/04461 
(ftMSSM) it is proposed to red-uce the nuniber of As.n-Gly ssquen- 
10 ces present ir, the parent onsyjse in order to obtain ssistated 
ensyises exhibiting isrsprovad pH and heat stabilities,, in the 
application emphasis ip put on removing,, jriutating, or aocli-* 
fying the ^^&m and th^ ®^*A$n residues in S5abtilisin BPM' . 

Internatipmi psterst pubiication J^o, WO 87/OSOSQ 
15 :(SE$JE3£) dlsclomes random isutsttidri and siitoseg-«ent scr:feenin0 of 
a; larg^; nwmfeer o:£: Butants of sabtllisin BI'H' for isnproved 
propaafties. In the applicatxQn siiJtations are d^isoribsd in 
ppsiticin^ ^^%sn, ^^^Giy, ^"*'rhri '^^ia, ^^Ssr^ ^^I>®u, and 

2Q Xn EP ^ppiic^tlon ndf, 87303761 (0B5?BHTBCH) it de~ 

sprifesid h<M homology considerations at feofcb |3rimary ajid 
tertiary structural leveis s^say be appli&d to identify equim~ 
lent amino aoia rcrssidues v?h.ether copserved or not. 5%is 
inforsaation together with the Inventors knowledge : of the 

25 tertiary structure ox subtlllsin SPH' lead the inventors to 
select a nuij^ter of positions susceptible to mutation with .an 
expectation of obtaining Mutants With altered proper-ties. Th.« 
positions so identified are: ^^"Mat, ""^Met, '^^Tyr, '^%la, ^%ln, 
^^Gly, ''^Gly, ^^^Phe, ^^^Tyr. Also ^^^^sn, ^^Tyr, ^^fhr, 2%er, ^^Asp, 

30 %er, ^sp, *^Giy, "^^la, *%er, ^%et, ''^Asn, ^^Ser, '^%Y^> ^^Val, 
^h^u, ^"^ZlB, ^^=Gly, ^^^I^s, '^^Tyr, ''^Pro, ^^^sp, ^*%at, ^"""-Sex , 
^^^Lys, Bm ^!sar, whiph positions are identified as toeing 
expecfcM to xntiuence variows properties of tlie: &n.zfiti&. Al^o, 
a nusabar of Mutations aire exeiaplifi^ad to sapporfc thesa surges- 

3$ tions, Irs addltiors to single saltations in these positions ttee 
inv^ptors also perfpirm^^ a nQiaber of fepltiple saxitatioias, 
further th© im'^ttors IdenM ^^^Leu.f ^^^L®a> and 

amino acid r-ssidue^ within the segfivfnts 97-103, I2g™l2S, 213*» 



215f and 152-17 2 as having interest, but sjut«tiotts in any fsf 
tfe&se positions ars noZ emSiSplif led- 

EP pafox. no, a€:Qi05 {GBNENCORi describes Htodiif ication 
of certsiB properties in enxymss containing a catalytic triad 
S hY s^l^cting an amino acid resides ?^ithin about ISA froa the 
cstalytxc triad md rej>lace the selected asaino acid residue 
with aaother ?residu&, Bngyjses of the subtil is in type described 
j.r\ the preseiit si>©cif ligation are specifically siantioned as 
feelQngxng to th^ class, of eng^Mes cont^iraing a catalytic triad, 

10 In subtiiisii5s positions 222 and 21? are indicated as preferred 
positions for replaceasefet. 

International isatsnt p5afelication Ko. «8/06€24 f GISS'- 
BRoe&DES my disc-lpses th® mm and amino acid ^e^^nce^ &t n 
s^btiiisin protease d<^s;i.gnated PB9^ aliaost 100% homoiogoiJis in 

15 the arsino acid seqtssnoe to the atsiirio ®cid Bmqu&nH^ of S^btlli- 
sin '409 

International patent publication No, WO 80/070? 8 
(SENEHTECH) claisas 3isutated enayTtiss derived froKs. praci^rsor 
enssyme by replacement or modification, of at least orje catalytic 

2D group of an amino acid residusi. The iiwentors state that by: 
doing so a siutatad ensysis is obtained that is reaotiva ^ith 
sijfestrates containing the xnodi tied or replaced eataiytlc grouEp 
{substrate-assisted catalysis) , 

general theory is based on Miy.loli,s]^.l.acians 

2S sutetillsln (B»*) , where ssodifications have bean described in 
posit ioBs that ^as: modified into '^^Ala alone or in 

comfoiisatlpn ^*?ith a "heipsr** ssntation of Ser~24-Cys, Modifica- 
tions are also snggmt^d m tm mno ac.id residues %sp, and 
^%er, and a "helper" saltation of Ma"4S-Glii* 

International toateht puJbltcation Ho, WO as/OSOas 
(GEMIX) discloses aenetio ©Kgineerlmg around jnetal ion binding 
sites for the stabliiKation of proteins. This ppifollcation also 
uses Subtilisin Wn' as &Kmpl& and points at the following 
asino acid resid^ss as cahdidat^s for sufestlti*tion ^^^itro 

35 CPI72D, P172E} , ^%:ly (GISID) , (N?S|>r M76D-fS>X72DCE):} , %er 

(S78D) . further, suggestions are isade: for tM ooiabined amtants 
lJ76D-J-S7aD-*-G131D-i-P1720(E) ? H76S4-gX3ilDf k78S*G131Sf S78B4-P:X72PCE) 



international patent publication No. WO 8S/OS033 
immB) MsoXosfes a immfesr of subtllisiin analogues hminq a 
momf U& calcixm binding sit« an4 eithsr A^n ©r Oly rspXac^d in 
any Asx5~Gif sequence present in tJ^e mQi^scule thereby ototaining 
S enjzysjes e^^hiMtiJig i^nproveS thermal arjd pS stability. Orm of 
the calciuM binding sites is disclosed as involving the amino 
acid residues *%sp, ^hm, ^*Asn, ^hsn, '^er, ^11®, ^G:ly, ®Vai, 
^^hr, ana ^'*Tyr? otfeer potential calciusi binding sites are 
suggest«id at '^^^Asp^ and ^^^Pro? ^^Pro, axvd ^^'Gln? and ^"^^Pro and 
10 ^*%lu or '*^sp. Also jButating tJie '^^Asn and ^-^Asr^ positions is 
suggested. Mutants produced are N109S-rN21gS . M76D-^>MiG9S~' 

Internatiomii patent publication No. Wd SB/08X64 
describ«iS a jjiet^jod for iderstifying residues in a 

15 protein which xsay toe substit:atoa by a cysteine to perajit 
fdrsaatiors of ptstentiaily stabxXizing disulfide bonds. The 
method is feased on ^aataiied teidwledge of thm three diasensipnal 
structure of the protein and uses a costtpnter for ^electing the 
positions- In relation to subtilisin proteases^ Sufotilisin BPH' 

2Q was used as a jsodel systejni tJsing t&© wsthod on Subtilisin BPH* 
tresult^d in tbe sniggestion of II candidates for introducing 
disulfide bond^ (1jT22C*S87C, S : V^SCH-LSSSC, 3 ;(347C4-S>'57G, 
4:H50C;*H3.0Se, StElSeC-ftie^Cv f;jTOSC*lX?OC, 7t¥16SC-!-S19iCr 
8.::g306GH-A2i:6C, 9 J A2:3:0CfV270C, 10: X234C*A274C, 1 1 : K23SCtW241C) , 

2S Of tbess 4 ^ere produced (1, 2, 4,, and 8) ox v^bich 2 did not 
pro^n.de any stabilising affect (2 and 4) > Further mutants were 
produced by combining two of these mutants with each other, and 
one with another isutation, vis, T22C4-S87e4-NaiSS, and 
1?2ac+S87C"hQ206C-!-A2I6C. Also, a x^umber of further unsuccessful 

30 mutants v^ere produced, vix, AlC-rS7SC, S24C>vsa7C, I270+S89C, 
A8SC+A232C,, IX22C>}VI47C S249C4-A273C, and T253et&273C. 

Also, it has been shown by Tbomas, Busseilf and Fer^ht, 
Mmttire lis, 37S-376 (:?.98S) that ej4ohan<?e of ^Asp into ^Ser in 
subtilisin BJ*H* phanges the pli dependency of the Enzyme* 

3S X3> a su&se^ueht article Hoi , Bioi. {IS&T j l^^ 803- 

g 13 , the saiaa authors also discuss the substitution of '^^Bex in 
place: of *^%lu. 

Both these mutations are ■witbiyj a dlstisnce Of about 
ISA from the. acti%'-e *^B:is. 
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X» Mature 3£a, Am-smilBBll Eussel ax^d Fersht discuss 
the resftlts of thair experiinerats and presas^t: rulas for changing 
pH~act.ivity profiles J3utatifig st5 fen^ysse to obtain changes 
in iurf ac« chargsi. 

5 

Sii^ isoelsetric point, pX^^;, is defirj^id! as the, pH v^Iue 
wfeere tpB enisyme }polec-gX® C!3iriple>j (witii optioBally «ttaciied 
?set«l or other ions) is neut^ral, iv th& s\jm of siectrositatiG 

10 charges (net electrostatic charcfe* «KEC:) on tli© complex is 
egaai tp zero. In this sum of coars^i consisiaratio» of the 
positive or nsgatlvt^ natvjre of the individual electrostatic 
ehargss jaust be taken into account. 

The isoelectric pdiiit conveniently qaicsyiiated bj? 

15 using eq\5ilibriU3« considers t ions using pK values for th© 
various charged residxjas in the e^^ym^2 in question and then bf 
iteration find the pH vaius where th@ HBC of the mnzfm 
TSplepulo is equal to sero. 

One probiesi vith this calculation is that the pK valuss 

20 for the charged i*esiduess ax-e dependent on their em/irdhment and 
coiiser|tJentiy subject fco variation. Howev-ar,- very good resiJlts 
are obtainable by allocating specific;: spprcKiBiate pK values to 
thi& cbargeiS sresiaii^a independently of fehe assfexi:^! vaiue» It. is 
also poSiSible to performs more sophisticated caicula;tiQ«s, 

2S partly ta>>ting the enviromeht into cdnsideration. 

The pl^ jaay aliso be dste3qjiitte?i experimentally by 
ispeisotrlo ifocusing or fey titrating a solutioi> containing the 
ehKyma, Mso^ the various pK values for tba charged residues 
may be deterKiined experimentaily by titration. 

30 

I^ptTSTRIAL a gi?LICATIOl?g OF SaSTIt;3:^: iHg 

Proteases such as siibtillsihs Mve found taticb utllit^y 
in industry, particularly in detergent formulations, as tbey 
are useful for remo'v'ing proteinaceous stains, 
3^5 At present th© following proteases are known and aany 

of thgsa are Siarkefced in large guant ipiss in ssany countries of 
the world. 

Subtil is in BSJJ* or J^ovo, available froirs e,g, SIGMA, 



St» Louis, U.S.A. 
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Sufetillsiyj carisberg, aiaarketed fey Movo-Kqi-atsk a/s 
C:De?msr3c) as ALCAL&SB*^ and by IBIS (Hollarsd) as HAXAT&SE'^ ? 

A/B- <:Denmark) as SAVX^ASE* ? 
5 SnzyBes closely resernblirsg SAVXSASE® such as MAiCAC&I,® 

marlceted toy IBIS,; and OPJICLEAM* ssarketed by MXiSS KivLI CHBMIl 

A Bacillus,,lentus subtil markefcea by Npyo-HordisJc 
a/ s ( Deimari?. ) as ESPSEAS j 

3-0 K&ZtJSASE* msr3^ete4 by SHOWA DE^'KO (Japa«) 

Xo be ^effective, Jjo^eyer, suck engyiues isust not only 
sxHibit assti^^fity ussd^r vashiiig cdnditionSjr btit iatist: also &e 
cojapatible wltb otiber si«tergent cojaponents during det^ergssnfc 
prpciuetion and storage 

XS For '^K&Mpl&t subtil isiiss iriay be uisi^d in eo^ssbinatioxs 

with otfeer ©mysaes active ag&inst oth^&r substratiig;® , and tise 
ssi^bted subtil i:sin siiptild possesss stability tovfaris sueh 
enKyjseSir an?3 also the selected sutetilisin presf&rafely should 
BOt catalyse degradatioJs cjf the other ers^ymes, Aiso^ the cbosen 

SO subtiiisin should b« raslstant to the action from other 
cojnponents irj the detergent f.o.t^sulationf such: as bleaching 
agents, oxidising agents, eto> , in particular an snsyme to he 
used in a deter-gent f onmjlation should be stable with rsspect 
to the oxidising power, calcius- binding properties^ aBd pH 

25 conditions rendered by the non-enzymatic components in the 
detergent dxjring storage and in the %vai5h liquor during wash. 

The ability of an ensyme to catalysa the degradation 
of various naturally occurring substrates present on th® 
objects to be cleaned during 6,g, vrash is of ten referred to as 

30 its washiysg abilityf washability, detsrgency, or wash perforsa*^ 
anc®. Throughout thi^ applicatidij the terin wash parformanoe 
will be used to encosspass this property , 

Haturaliy ocourriiig jsuhtilisias have been found to 
35 possaiss prhperties 'v^hioh are highly variable xb relatioii to 
their %'ashirig po^er or ability unsSer variations in parameters 
such as pEi Several of the above ffidrKeted det^rf^eht proteases, 
iudee^r have a better perforisance than those aiarJcetad aboiat 20 
years ago, hut for optical perforssance hadb en^yise has its v>vn 
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specific conditions regarding formuiation and wash csasldtiorja, 
e.g. pH, taaspsrature, ioMD strength {-I), active system 
(tensides^ surfactants, bleaching agent, etc.) builders, etc. 

As a consequence it is found that an ^nzftm posses- 
S Sim aesirabie properties at low pH and lot^? I jsay be less 
sifetractive at sacj?^^ slkajine eonditions and high or an enssyme 
S5chifoiting tijm properties; at high pH and high I may be less 
attractive low pH, low I conditions. 

Th© siSvent dewXopaient of r^coisbir>&nt tech- 
10 nii|u0s has haQ a profound inSluence in the field of protein 

It i^as bfe^n ehvis;a<jea that lihese tachsifues vill isaM 
it IsosslfeXs to design peptides a^d proteit^s;, such as stssBse^s^, 
and l>ormones according to desired sp-ecif iqations, enablij«g th® 
IS pr0d\sction of cosspGunds exhibiting iSesired prbpertlfes. 

It is possible ncv to ssonstruct enssymes having desired 
assino acid sesju^nces, and as indicated above a fair asscunt of 
research has been devoted to designing svitotiliains ^ith aitea?®a 

20 properties, Ainong thi^; proposals the technique of praducing anC 
screening a large n-us^ber of isutated ens^i'mes as described in 
publ, no« 13 07 56 (GSHEHTEGH) (US Patent Ho. 4,7 60/025 
(GENENCOR) ) and International patent publ< no, wo 87705050 
(£5ENiEX) correspond to the classical method of Isolating native 

ZS sngysjes and sereening the» tor their propert.les, but is more 
efficient tiirqiigh the Jsnowledge of tlio presence of a large 
Ktmber of siif ferent mtant &nzyni&&^ 

since: a subtiXisin ensys-se typically comprises 275 ajaino 
acid residues each capable of being l. ov.t of 20 possible na^- 

30 tiiraii j occurring amine:) apxds, bne VBTf BerioxxB draw^bacK in 
tMt procedure is the very larg^ husnbsr of mutations generated 
that has to be subisitted to a preliminary screening prior to 
further testing of selected jRsstants sboKing ixjt^resting 
characteristics at tiie: first screening, since no g-uidan:ce is 

3S indicated in deterjsining ^^ich amino acid residues to ofeange 
m order to obtain a desired &m^mjisi with Irtproyed properties 
for the use in qnestion, such as, in this pase fcrjsmlating 
detergent oo^ripositions exhibiting isjproved wash perforjaanoe 
under specified oonditions of the wash liquor. 
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h proo®dm-e as out-lirsed In these patsiit a|>plisa1;xoBS 
mil, coii sequent oiil^? toe slightly bstteir tl-sein the "tm4iti&ml 
raadoB mufcation proc®d-qr«is whici^ have be^n known f or yaiars* 

The otter known teotoigaes relate to qhapging ^geoi" 
3 f ic properties, &mU trahsesteriflcation and hydrolysis rat® 
(E? publ. no, 260iqs (SEWCSH) ) , pB-activity prof ile {Thosias, 
•Russell, and Ferslit, supra), and stato'strate specificity C Inter- 
national patsnt publ , no , Wo 8S/07578 ((SSIISi<ITECH) } . Mottfe of 
these publications relates to changing the wash perf orKsance of 

A ftijrthsr technique that has e\'olY>sd is using the 
detailed info.rmation on the three dimensional structure of 
proteins for analyzing th® potential consequences o£ substitute 
in<l certain amino acids. This approach has foeen used and is 
IS descmteed ±n m 2mim (GENgNCORi. m m/OlBlB (GENEHTECH) , WO 
8S/0SQ2S (SENEX) , m &S/0§033 {iVJlGEH) , and WO ^8S/08164 (S-EIIKX) 

Tij^3s^f as indicated above no relationship has yet heen 
XiaeTJtitied b^t^een well :iS=ef ih®d pTop&rtim of an ensiyme such 

20 as thos^ aieationed abo%'e and "the ?srash peirf ormanpe of an anzyme* 
in unpublished int^rhational Fatant Application ho. 
'P^T/BK gS/OaOOS; (NOVO IJ^toSTRI h/S) it is proposed tip tise the 
concept o£ homology comparison to det^rsains which ajuino acid 
positions should b© selected for mutation; and vhich assino acids 

25 sho-ald be substituted in: these positions i^^* order to obtain a 
de&ired change in wash performance. 

By using such a procedure the task of screening is: 
reduced drastically;, since the nusnber of isrutants generated is 
S5uch smaller, but with that procedure it is only foresee-n that 

30 sngys\es exhibiting the combinsd useful properties of the parent 
enayiae and the enayme used in the comparison may be obtained. 
The prcfolsm seeKs to be that although much researeh 
has been directed at revealing the ja^dh^nifia of ^nz^^ ac- 
tivity, still only little is Jcnown about tfe« factors in 

35 structure and aisino acid residue s;o#5lnatioh that deterisine 
the properties of enzymes in relation to their wash perfor-- 
:sience» 

Conseguently there still exists a need for further 
iisprov®ment and tailoring of enzymes to %'ash syetejns^ as well 
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as a fcettsr undsrstanaing of the Tfischanisa of protease aotxon 
in the practical use of: cleaning or detergexit cosipositions. 
Such aii «ndsrstanding could result in rulss whiclj may foe 
aSspliesS tQt select inf luCttations that with a reasonable degree 
S Of oesrtaiyrty vill resiilt %n m esshifeiting i:aproved vash 

pesfom&me m&^T ^^eaitiBd conaiitioRs in a vv-ash Xiguor, 

BxmmMY THE imEmm-n 

iP Further ImmtlgationB into th^s« |>?:6i5le5as jmpw 

m.t:prisingly sh<ivsi t-^at one of the critical factors in th® use 
of sufetilisiB ejssyases; in detergent cc^sipositiofts is the 
atasor]C5tioD of ths' &nzfm& to the subst-rste, i,e. th« material 
to be reis&vBd frojs tsxtiles;, hard sxmt^c&ts of other materials 

15 to be cleaned. 

Consequently, thes present inysnti.on relates to is^ta- 
tions of the subtil isin gene resulting In cha&ged px'operties of 
the ffititant subtilisin ensysie expressed by such a jnu ta ted gene ^ 
whereby said .mutant siabtxllsin Bmyme. exhibit improved behav- 

2Q iour in detergent compos it Mutations are geT)^rat©d at 

specific nucleic acids in the parent subtilisin gesie respon- 
sible for the expression of spscific amino acias isii specific 
positions in the suiptilisin ensyxse, 

The; preseht ihveTjtioa also relatiss to jrsothods; of 

25 selecting the position^ ahd astinc acidS: to be lautat^d:, and 
therehy imtat^B jj^it^^^ the mcimic acids to be fehaisge^ in 
the subtiXisirs gene trt guestion* 

The iriventipn relates, in part* hnt is hot lijjiitea tq^ 
isufeatiohs of the siibtilisih 30SI and siubtillsin Carlsberg qm®B 

30 and ehstting iiiatant s^fotilisln 309 and earleherg ^nzyiaes^ tefhich 
eiKhibit ijuprOved wash perfdrsiahco in clifferent detergent 
dos5|>ositiQns resultihg in v^ash liguors of vmrf tng pH values. 

Fui-ther the invention relates to the use of the mitant 
e-h^ysies in cleaning eo^positiph^ and. oleanirig Cdjaposltions 

3S corsprising the riutarst ensysies; especially dst^rfeht composl- 
tions coKsprising the ia-utant subtiliain enzymes. 
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LSi. 

A ~ Ma ~ hlmitis 

$ Xi ^ Xi^i Lsucine 

I He Isoleucius 

P Px'o ™ Proline. 

F - Phe =^ PhsrsyXalanine 

10 M « Met ~ Methionine 

G ~ aiy ~ Glycine 

e » e^s ~ Cysteine 

15 Y ~ Tyr ~ Tyrosine 

Q ~ Gin ~ Gliitasjine 

D « ^Bp w &sjsartxc Ac3.d 

E *« <*1«. ^ jSiutamic ?icicS 

2Q K ~ Lys, ~ Lysine 

:R w i^jjg: =s Arginine 

H ~ His Sistidane 



25 ?v ™ Menins 
G ™ Guanine 
e CytOBiiie 

T ~ TliyTisirse (only in DMA) 
XS ««■ Oracil (only in RJ^A) 

m 

ift de^cribitsg the various siiitaaits prodticM or oon^ 
tsBpiated according to ths invention, the following: nossefe^ 
clatux'ses ^@r& adapted for iga^^ of refertenee; 
3S Original aaxB© acid{si position substituted, amitjo acid^Cs) 
Ac!Cox*di.iig to tfeis the ^substitution of Slutpsic aci<3 
for glycine in posit. ion 3.9S is designated as; 

<^ly 19S GlXi or S195E 
a dslstion of glycine in the sa^s position is: 




.1 amino acid residy© such as 



.i.ysxne is; 



Giy 19B Slyli^':s or gissgk 
Wfe^rfe a delBtios is indicated in Table I, or 
im a: s^fotilissln not indicat^a in Table ai> insertion 




a position iBdi<:ated as; 

* 36 ;&sp or *3iSD 

for iris^rtion of an: aspartic acid in gosltioh 3S 

Multiple ss«t;ations ate separated toy pluses, i,e, i 
hxg T7Q f^X my 195 Qlu or Ht7QMl$SB 

repr©^^jiti»g siiitatioKS xrv positlosis 170 im ssbstitatirsg 

tyros ij)e: ^rid glutaisiid :^oid fcr: arginine and glycine, xespec- 
tiyel>% 
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& « sufetiiisin ; (Walls fet.al, 1983, sjjgra) 

iO c " subtlXisin 168 (Stahl and Ferrari , 19S4, sugra) 

a » sxa^tilisin sieser,t«rico.pepti4ass {Svendsen et al, 19S6, 

e ~ subtil isin DY (KedKov et al, 1S85, s^sm) 

f subtil isin Carlsfoerg (Sssith ©t al, 1968, syBxa) 

15 g ™ sufotiXisin Carlsbe^rg (Jacofoa et al,, 1985, ^BBiKS) 

h «« ssabtiXisij-s 309 { liiterna^iohial Paterit Appiicatiori Ko^ 

PCT/DK S8/0OOO2) 
3. » suijtilisirs X47 (International Patsnt 2i.pplicati(5n Mjs, 

FCT/PK 8 8/ OS Q 02) 
20 j ~ tls^risiitsisss (M^Xoun al, x^ss, sn.pra) 

k ™ proteiwas^ K (Betaal sit al, ISSl, Exxr:, J, Biociiem. X7S: 

15S ff ) , ana OuTskel et al, 1989, Bur. 0, Blpchem, 

1 s» acjQ&iysin (^von st aX, l^SS , fetJJ:. J, Biocheiu, X73J40X 

m » Bacillus PBSS protease (EurppeaTs Pateh^^ 

0 07 5} 

n « Frotaase: TW7 (Tritirachuija albnm) ( International I'^atent 

Application Ko. PCT/USS8/01040) 
30 o Protease 'n^n (Tritirachium aXbUffi) flBternational Patent 

AppXicatioB No, PCsr/TJSSS/ 0X040) 
* assigned deletittn 



continn.®di 



5 a ) * ^ * Q „g „ G~ V ~ S-Q-I-K - - A" P~ A~ 

^ J * :„ * * „ * ~ * ^p^ Y-G-l - S ~ Q~ I - K- * * - * - * ~ A- P-a~ 

20 

2Q 30 40 
111 A-H--N-g~S~L~1?-a-S-^S-V~K~^^ 



2:6 



HOS SO 60 

10 f) *~N~V~V~G~G~A~S~F-V~A-G~E~A~W-N~*~*~T-D-G~K- 
1| *„*„*„G~G~S"A-H-¥~G~Y~P~A~:L-'S~G 

t5 ) * -G-iS-R- A-^K"F-L~K~!T"F "A-G - D-G-Q- D~!P'^D™G-JSJ-?G-H-~G ~T-?H~¥~ 

not 70 8Q 

bj A~S~T~I~A~A-L~*~H~-N~S~I-G--¥~L-"G--¥~A~P-S~A~S~L~Y-A^ 
G) A~G»^'~I~A.«A~I."*-"N~r^~S-~I™G~V~L~{3~V~S~P»S-A«"S~L'"?^-A 

25 a) A~G~T-I-A-A~L~*-N~N~S~I~G~>V~L~G~V-~A~P~S~A~S~L~V~A~V'~K~V- 
e) A~G"-T~V-~A~-A~L~^~D~N-T-f-G~V"L"G~V~-A~'P~N~V"-S~L-~Y-~A~I--K~V- 
f} A~G-T~V~A~A"L~*~D~N-T'~T-G~V~I:~G"V-A~-P~S~V~S~L"¥~A~V~K™^^ 
.: g j :h~G~T~Y~h~A~h~ * ~D~-N~T»T~ G-¥~-L~-G -V^A - P - S - V-S ~L~¥~A~¥-M~ 
fe) A-^G~T~I~A~A~I.-*~N~N-S^2-GrV-I,~G-V~A~P~S~A^-B"X>~X~A~V-K~V~ 

30 i) A--G-T-I-A~A~L-*'»H~N-S-I-G~'?~1>-G^¥-A~P--S"A^D»L»Y--A»-¥--K-V- 
j} A~G--;I-A-A'^A-¥-T-H»S~S-T~G~l-^A~G~t-A-P-K^ 
A-^G~1'"^?-S-S~*~R-*~*-*-*-*^f-Y-G-Y^ 

3S «) A"G^3?"¥"G-G-1?^*"*-*-*-*'^* ~'y~G--V'-A-K"K-;E~B^M~A~¥'^M-- 
d) A-G~T~I~G~S-*-H-*~*-^*-*-^*~T-¥~G-¥~A~K-^^ 
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NOv XQO 110 120 

i ) I>D~E~H-G-»Si ~G-S V-^-Q-O-I ~E-W- A -A'-I -Nr- * -1^ "K~H~H~* - 




1) 



20 



L~^~P-:Q"G~S-'G-Q~¥--S-^T-I-X~£»G-M-p-F~y~A 



130 140 



1) 
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c) S~G~I-^~V-A~A-^-A-G~N-E-G-S~S>-S--S~T--S--T"V~S~^"P'»A"K~ 

g) S~G~¥~V~¥~V~A~A~A~G~N-S~G~S~S~G'-H-M'~T-I--G~Y~F~A--M^ 

I) K-Q~S-V"¥~¥~A^A-A~<3-H-A~G~^F-1^-A~P^ 

IS K) S:-'G-V'^m-^y'~h-:V^h^h'~Q-B--¥-^^ 

i) Ar(J-»¥^¥"Y'^A-?^A-A^S-vH-©»H--A"H^A~C~ 

J3 ) A-S-I^-F-L-'A^V-A-A-G-N-^ * ~^-l>-A-S~B'^S~ 

O) g™S-4?»^"^^A'-V'"A-A^G^H^]!?~J5~A-S^A-^E~Ji-Y^S 

20 

Upt ligO ISO 200 

C) S-T~I-?A~¥~G~A"¥~N-S"S~H~Q~K~A---S-F~S~S-A~G-S~B~L'^P~^^ 
2:5 d) S-T~1~A~V~G'~A~-'??~-H"-S~-A~N~Q~H--A~S-F-S~S~A~G»S":E"L^ 

S;-.y~J~A-¥^G~A-V-D~S«'r4~K~N--R--A~S~F~S~S"'V~a~A--B--L-~E~\^~K~A-- 

f) :b-¥-I~A~V-G~A~V~D~S~M"S~N~R~A~S~F-S~S~V"G~A"E~L™1~^^ 

g) .igw.v-^i~A~V~G~A~V~D~S'"N~'S-'J?~^-A~xS-F~S-'S"V~G~A~E-^L'~B.-V-~^~A- 

h) H™A~H~A"¥~S";^~T~E>~^2~N-H~S»:R"A~S-F~S~Q~Y~g-A~G'-^ 

30 i) G"V"M~A~V~A~A~¥~P»Q-N«'G-©~3^-A~S~F~S~T~Y~G~P~E~I--E--I--S--A~ 

S"V"C-*T^¥"G~A~S-D~i^-Y~D"K-H-S-S-F~S-H- 

o) s~i:~e~t~v~a'-A~f--c-E-Y«s~i^~s-s-s-F- 

apntinued* . , , 
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Moi 21 Q 220 

Mo: 230 240 2 5:0 

23 d ) y»A»G^A-A--^5.^L~ j:-L~S-K«»^ 

V-A-CS-'A-A-A-I.-X ~I.".S "■K~Y-P~T-t»SrA^$'-^a~V~R~.H'~K~-L~S -T-A- 

g) y~A-e-A~A"A-L~I-~I>-rS~K»B-P-!?~L~S«^^S*Q~¥-^^ 
K) V--^~G-A~A~A"^;L-^t''K-0-K'^^^ 

1) ^»i^-^Si~V-A-A~L»Y~I*-E-Q-l^"P->S~A-T~e-A-S-^^ 
a) V»A~S~A-W»L~'^~iK-Q-H~K™P-S^W-S:™J^-'^- 

continued. , . . 



30 
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S) T''ll~-L~G~D"S~F~Y~Y-*~G-K~G~L~I>H-V-E-A"A-&'-Q 

g) T-Y-L-G-S-S-F-Y-Y-A-G-x-G-L-I-N-V-E-A-A-A-a 

h) T~S~L~G~S~T~l>r~.L~Y~*''S~S~-G~I=~V-N-A~B-A-i^-''!SR; 

i) T-Y--I.-S~S--P~S-L~Y-*»G--S-G-:L-V~H~A-G~>4-«-T"^ 

j ) D"K-I~S~G~T~G~T~¥~^~A~K-G-B-V~N--A~Y-K~A~V~Q~Y 

m) T»S-~£"G»S>^T~N»L-Y"*"0"S~<3~M~N~A-E~^-At:-^ 



ijwention is die^serifae^; fvirtlssr in detail in ths 
tQllowtm parts of ttois fe^^ciSicatiori. wim s^ference to tiie 
25 drawings ¥^her s i n : 

Figure 1 shows tbs ccnstrucrtiOR of plasmid pSJiSS, 
Figure 3 shows a restriction map of plasjsid pSXSSf 
Figure 3 exesipl if ies the construction of the mutant 
subtilisin $9$ genes for mpTB^Binq the ©nsyijiss of the in- 
30 v©n:tion, 

Figure 4 siiows the restriction map for plasjsid pSX92, 

and 

Figure § graphicaily a^^oBstrates tm r^atioiRship 
b'Stween pE of ^asfimaim perfor'manc® and caiaul^tesi pi of the 

35 autant ensymes of th® invention. 



ID 



M>avm it t^as stated that the ijwention relates to 
siutated subtilislRs in which tJvs mmo asid seqx^enca has been 
m&mm mrcm^ mat^ting tm gens of tfe swbtiXisii^ ®nsys»e, 
■whidh it is desiraa to Iddify, in colons rssponsiteXe for the 
5 expression of mim acids locaM m or cles:^ to tise surface 
of the resulting enspss, 

Ii^ the context of tMs invention a sttfetiilsi» is 
defined as a serine ^)fDtease produced fo^j? *|ram-pos it iv^ bac- 
teria or fun^i. m a more mrrpw: sense, applicable to ^anF 
emfoodi^eBts of the invention, subtilisin also ?sean^ a ssrij^e 
protsase of grain-positive fcactferia. Mooardihg to another 
definition, a subtiXisin is a serine |>rotease, ^h^rels the 
relative or<5er of t&e amino acid residues in the catalytic 
triad is Asp - His -^^ ser Cpoeitions 32, 64,, and 221). In a 
15 still isore specific sense, n^any of the embodijnents of the 
invehtioh relate to serine proteases of gras;~positive foatteria 
^ich can tee brought: into substantially unajnbigxvous hcjnoIoaY 
in tbeis^ ptimsry structure, wixh the subtilisins listed in 
a?abie I above - 

tJsihg the: nugsfeering system cjrlgljiating froi« the a^ino 

acM seq^enoe of subtilisin bpn« , which is shovm in 1?stole I 

above ^ligne^ vith the amiBo acid se^^ueBce of a mmh&r of other 

known sabtili^iBs, it is pos;sible to indicate th© positixsn of 

as aT8ino acid residue in a stibtilisin Bnzym unaiiibigwdtjsly. 

S5 Positions prior to aniino acid residue huisiber l in subtilislB 

BPN' arsi assigftsc* a negative nuisber. such as -6 for the 

IJ-terMinai ¥ in thermitass, or 0, such as mt the M-terxsimi 

A in proteinase K. Miino acid r^sid^es :wfeich are insert iobs in 

relation to subtilisin WM* are ntanber^d tbe addition of 

letters in alphabetical order to the preceding subtilisin BPK< 

number, stiph as 12a, 12b, i2c, I2d, lae for the nnsart" S- 

T~$~P~G in proteinase K between '^Sex and ^^Thr, 

tJsing tba atoo^e nuKibering system the positions of inte- 
rest are ; 



.30 



3S 1, 2, 3, 4, 6, 9, IQ, 12, 14, 15, 17, IS, 15, 20, 21, 22. 24, 
2§> a?, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, 50, SI, 52 ] 
S3, S4, 56, 57, 59, 60, 61, 62, 76, 76, 77, 78, 73, 

89, 91, 94, 37, S8, 100, 101, XQ3 , 104, IDS, 106, 107, 

lOS, 112, 113, us, IM, 117. IXa, 120, 126, 12S, 129, 
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130, 


13 1; 


133, 


134, 


136, 


137, 


14Q,< 


141, 


14 3, 


144 , 


145, 


146, 




156, 




159 , 


160, 


161, 


162, 


163, 


164 , 


165, 


166, 


167, 


170, 


171, 


172, 


173, 


ISl, 


182, 


183 , 


134, 


185, 


186, 


188, 


189, 


isi, 


IS 2, 


194, 


19 S, 


197, 


204,: 


206, 


209, 


210, 


2 1 1 , 


212, 


213, 


5 214, 




216, 


217, 


21&, 




236, 


237, 


238, 


2 33, 


240, 


241, 


242 , 


243, 


244, 


245, 


247, 


248, 


249, 


251, 


252, 


253 , 


254, 


255, 


2S6, 


257, 


2$9t 


2&0f 


261, 


262, 


2^3, 


26S, 


269, 271, 272, 275, 



10 Assimirig that th« substrate under mshirsg' conditioBS 

h&s mi electrostatic charge opposite to that of th^. ensysiss,' it 
micfbt jbe expected that the a<isorption arssS thus the wa.s^fa 
performance of this ^n'^jm^ to th« silb^trat^ would be iHsjSi-oveS 
by inereasihg the net electrostatic charge, KEC, of tbe enzYpe. 

15 HoVfever, it stirprisinigiy foSrid that a dscreasfe in 

tbe SIG pi the Mmym^ under such circuisstances coiild result in 
ah imp3*ow,d wash performnce of the enssyEie. 

Stated differently, it was tound that changing the 
isoelectric point, pl^, of ths erizyKie in a directions to 

SO approach a lov?er pH, also shifted the pH of oiJtisritm wash 
performance of the enzyme to a lower value, meaning that $n 
order to design an en2;yme to a wash liquor of l.ow pH, in -which 
the ensysse is to he active, iiGprovoBient in the wash performan- 
ce Qf a known suhtilisin ensyme may be obtained fey mutating the 

2S «|ene for the ta^owh subtllisin ensyme tb obtaih a mutaht ensyma 
bavlng a lover 

This finding led to e^jjs^rijnents ehovfing that the 
opposite also 1^ feasible, Meaning that a JCKovm subtilisin 
enaype may also be designed for use in high pH detergente fey 

30 shifting its pljj to higher valBese, thereby shifting the Vash 
perfdrsjance :pH optiiataiti for the enayise to higher pH valhee. 

Ths present invention tfeerefd^^a in one aspect relates 
to tsutated ^latotiiisin proteases,- wherein the net electrostatio 
charge has been changed in oosaparison to th^ parent protease 

35 at the sajse pSj and in which proteases there are, relative to 
said parent protease, either fe«rsr or Sidte^ poeitively-charged 
amino acid residue (s) and/or ^ore or fewer negativaly-eharged 
amino acid residue (s) , or %ore or fewer pos it ively-charged 
ajsino acid residua(s) and/or fewer or jaore negatively-oharged 
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amino acid residue (s) m^ong m& mxno acid resiawes at any one 
Of more &f |>osittens 

1, 2, 3, 4, 6, 9, 10, 12, 1% X7, IS, IS, 21, 22, 24, 

2:S;, 27, 36, 37, 38, 4S, 41, 43, 44, 46, 49, 50, 5x! Sg^ 

5: 53, 54, S5,. S6, ST, S^, 59, gQ^ si, ga, 75, 76, 77, 78, 

87, 89, 91, 34, S7, 93,100:, 101, 1D3, 104, lOS;, 106, Xa7, 

108, 109, 112, 113, IXS, X.1:S, 117, 118, l^O, 126; 129, 
130. 131, 13 3, 134, 137, 140,. 1:41,; 143 , l44 , 145:, 

155, 156, ISS, 159, 160. lei, 162, 163, 164, ISS, 166, 167, 

10 170, 171, 172, 173, 181, 182, 183, 184, 185, IBM, ISg, 

191, m, 194, 155, 197, 204,, 206, 209, 210, 211, 212, 213, 
2X4, 215, 216, 217, 218, 235, 236, 237, 238, 239, 24G, 24l' 
242, 243, 244, 245, 247, 248, 249, 251, 352, 253, 254, 255, 
356, 257, 259, 260, 261, 262, 263, 365, 269, 271, 272, 275, 

15 and vfeeraby saia subtil is In proteose has an isoelectric pH 
(pl^) lo*?er or hlgfear, respactlvely, thm that of said parent 
pxot:ea^e. 



Xn a pref^rrsd s^edi^seht the inv^ption sj^lat«5s to 
2Q isutant subisilisin prot^^ses, wherein the NEC has been chanqed 
Iw cost|>arxste!T) to tbe isarent protease ait tJste Mm^ pH, and in 
whiqij proteases there ar^, r«iati;ye to ^aid parent prstesse, 
either £&mr or aiore |>o§itweiy~chafged aBiitj© acsia residue (s) 
and,/ or mor^ or fewer hef&tix?el5^^«?harged aBxrjo acid residiie(s) , 
as or either mor^ or feiwar posxtlvely-oJiarged asiind acid Teai- 
^iue(s) and/<sr fe^i^er at more 5TaMtlvely--charg®d amiiso acla 
rasiaue(s), mxong the asslpo acid residues at awy orte or mre 
o£ positions 

1. S, 3, 4, 14, IS, 17, IS, 20, 27, 46, 41, 43, 44, 45, 4S, 
30 SI, 52, 60, 61. 62, 75, 76, 78, 79, 91, 94, 97, 100, lOS, 106, 
108, 112, 113, 117, lis, 129, 130, 133, 134, 136, 137, 141, 
143, 144, 145, 146, 16S, 173, 181, 133, 184, 18S, 191, 192, 
206, 209, 210, 211, 212, 216, 239, 240, 242, 243, 244, 24S, 
247, 24S, 249, 251, 253, 253, 2SS, 256, 257, 259, 263, 269, 
3S 271, 272, 

and %?herej35r ^aid subtilisin protease has an isoelectric pH 
l«wer or feigfe&r, raspectixrely, than that of said parent 
protease. 
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In another preferred e®boaisent the inv®«tion relates 
to smtant siabtilisin proteases , wherein the ilEC has fosen 
changed in comparison to the parant protease, at ths same pH.. 
and XB protleasss tftsrs are, reiati'V'B to said parent 

5 proteass, eitfeer tmw^T or more positiveI;^''~charged amino sold 
r«siia»e(s) and/ or more, or fewer negatively-charged amino aeid 
residue (s) y or ^it&er moir® p<>^ it iv^^ly^i^^ 

acid resi£Ju«Cs) aud/or iewier or mf^trm negatiy^ly^-cJiarg^d si^iiso 
aciS residue: (s) , jisi<sh«f the assitiO acid residuas at at^j/ one or 
io TSQre of positions 

If . 2^ 3 f 4f 14^ IS, 17 f IB , 20, 27 , 40 ^ 41,: 43 , 44y , > 
Si, M, €0, $lf 62 ?5, 76, ?S, 79 ^ ^Ijf 94 ^ 97 , !iLSO, 105, 

143, X44> 146^ ISi?, 173, 183, 184, ISS, 191, 1S2, 

15 209, 310, 211, 313, 31«, 239, 240, 242, 243, S44, 24S, 

247> 248, 249, 251, 2§a, £S3, 253, 2S&, 257, :2SS, 263,. 269, 
271, 272, 

and at least one, furtfter mutation affecting an aiTsino acid 
residue pccupifing a ppsitioj:! ohqsen from the group of posi- 
20 tions 

1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, IS, 20, 21, 22, 24, 
2S, 27> 36, 37, 38, 40, 41,: 43, 44, 4iS, 46? 4S, 50, 51, S2, 
53, 54, 55, 56, 57, 5S, S9 , 60, 61, 62, ^§> 76, 77, 78, 7S, 
0, 8^, 91, §4, 9S, 99, 100, 101, 103 , 104 > 105, 106, 107, 

as lOS, 103, 112, 113, 115, lie, 117, ilS, 120, 12S, 129, 

130, 131, 133, 134, 136, 137, 140, 141, 143, 144, 145 > 146, 
155, 156, 158, :i59, 1#0, ISl, 162, 162, W, 16S, 166, 167, 
170, 171, 172, 171, 181, 182, iS3, 184, 1B5, IB^, tBU , IBB, 
ISl, 192, 194, 19S, i§7, 264;, ^06, 209, 310;, 211, 212, 213, 

30 214, 215, 216< 217, 218, aS5, 236, 237, 238, 239, 240, 241, 
242 f 243, 244, 245, 247, 248, 24S^ 3Si, 252, 253, 254, 2SS , 
256, 257 > 259, 260, 261, 262,: 263, 265, 269, 271, 272, 275, 

and wherstby said i^ufctiilsln p£?Qtease Jias an isoelectric pH 
35 (pl^) lower or higher, respectively, -thaji that oi' said, psireist 
protease* 

In these aspects the invention in short relates to 
mutant proteases in. which the pl^^ of the mutant protease is 
l0:Wer than the pl^ of the parent protease, and in which the pH 



tor opti:3?-u3s wash psrformanc© is also lower than the pH optimwia 
for the parerit protsase; or .mutant proteases wherein ths pi^ of 
th& mutant protease is5 axghsr than the pi^^ of the parsnt 
protease, and in which the pn for optimusj wash p^rforsancs is 
5 also higher th^ri thg pH opfciB«m £or the patent protease. 

It i& g^4tm.ly belisYea (Thossas, Russell, and Fersht, 
Bmm) that: toetic properties can he intlMence^ by changes in 
tlie ®l©ctfds;tafc:i«5 smtm® charge in ths vicinity of the active 
site in the engyme, but: it bas mvi surprisingiy b«en f©«»d that 
JQ changes in tlje kinetic properties of an ensyme can also be 
broti^ht about fey jaodifying surface^ chas^ge^ tsjaota fjrcm the 
active sitie* 

CbBsej^uently the Inventioji is mso consiteed to 
3.5 embrace ssutant subtil is in, mizm^, wherein avm or jnore amiwss 
acid residues in a distanes bf isore tha« ij^ojS: the cataly- 
tic triad of said en^y-e has j5s;en phanged in comparison to the 
amino acid sequence of its pasrent snsysse^ ^nS. in a way to 
provide for a ^nutant protease having a« isoelectric pciht 
20 (-pl„) shifted in the sa^^^e direction as it is desired to shift 
the pH for optiii^us wash perfori^ance of the enK;^^?!®^ M^ich pH 
optijRUis should be as oiose as possible to the pH of tha wash 
liquor, wherein said luutant protease is intended for use. 

According to several ^sibbdiments of the inventioB; 
there are: prsot-idsd jsutant pi^oteases apd detergent oosspositidns 
cantairsihg thefe^ wherein; the amina-acid seqttehcte of the mutant 
protsasig CGntains an Irjsseirtion 3?i)itatioh at position 36, for 
exasRple to irt^ert a h^gatively-^oharged amino'^^^^ (e,g, 

30 p or E) or a neutral polar resia«e {sttch Q, or I?) or a 

positive aMino~a:£iid residue, mch as S or K. 

piis ie particularly applicable for eKajspXe to 
sisbtiilsih pristfeases 3Ga and 147 and PBSa, and say other 
sequence for which tim hmoiogy indicates that it haturally has 

35 an amino-acid residue miesing at position 36 reiativs to the 
sequence of subtil isin BPh'. 

Insertion T!?«tahts at position 36 can have further 
latjtations, for sxatsple at one or More of position^ 120, iiQ, 
195 f 235^ and/or 251^ and/or at pdeitiop 76, 



Suitable 5sut.st:ioT^s at: posifciort 7& are e«g. negatively 
charged residues such as F76D or H76E« 



S MutatioTis at. posit ion 36; (©specially': irisertlon of 

tsegativ© of polar neutral resMsae) &xid at pssitiosi 76 (smlasti'^ 
tutioTi by negativaly-<:Mr^fe(3i r^si<|Ua) can ofteft h^yB stabili- 
sing effect OJ5 the latstant protease, and can fo© tissd; in 
coisfeitisistipiri , Mi?tatidn^ «it, for ^xampl^ one ssore of positions 
10 12 0> iTO, 19$, S35 md 251 liaye feeer? Somd to ba aaso0iat©4 
with increased ^nsysjes actiivity. Even in cases where ttiesi® 
latter isntatipns are associated individually vith soHiei loss of 
stability it can foe accsiptabie and useful to co^mbij^e. thesi witii 
mt.a:tions at one ot botii of positions 36 and 76, 

IS 

^6p*g useful exais^>Xes of such |srotease jsiutants are 
those having the f ollowing ssutationsf 



3-021) -36 D 

20 S~0a2) *36D^R170Y4G195E-tK251E 

S~023) *36D-f:HX20D-fRl?0Y4-G195E-fK235L 

15 S-035) *36l54-H76D*iil2<3D+G135E+;K23SL 



Uuder ao^e boMitipne it pan toe gLdYant&g^spJis to arrange 
a farther mutation in a mutant protease having an insertion pt 
30 a negative aiaiji;<>--acici aeesidtse at jpositidn 36^ to insert k 
Ijos^itive charge eXsewhers in the Bolecule. This can increase 
the ifatsr eolwbiiity of t-iim restlting mutant prat^ase, e.g* 
wliers the torther ssp-tat ion provides a positiFe o&arge^ e«g. a 
isositiv^ely-charged: ressidue at positioji 213 ^ e-g, T213K. 

3S 

According tc? the invention it is further preferred that 
the mtayit subtilisin enzyme, represents a mutation of a parent 
enzyjse selected .from s-attilisin BPH% subtil Isln- asjylosac- 
cOiariticus^ ssbtiiisin 168^ subtilisin mesentericop^ptidase, 
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s-obtiiisin Caristoerg, s\ibti:li:sin Dif, subtil isin 3 OS, subti- 
lisin 147, theraitasa, Baoillus; PES 2 protease, ansi proteinase 
preferably syhtilisiji 30fi, subtllisin 147, subtil isin 
Carlsfesrg, aqualysin. Bacillus PB^a protease, Protease TW7, or 

Fnrtlier preferx'ea eiabodisie^t^ comprise sufetiXisin 
eu^yaes containing om or aore of the saufcatiqnsj 

'S12K*F14 D*T2?K-l-l^4 SR^QSSE^f JJl? «D4-^9 SK-^-^Si S eE-J-^lS 8I?4-^17 2 D^- 

AlS8K-A172DfH173K4-T213S4-N24SD4-T255E^S256K+S259DTA27aa., Q%m^ 
PX4D■^T22K4-T3SKTN4 3R^■Q59E-^H76D4-A9 8R■^S9^D4^HX,2 0D4•H1^ 
S156E4A158R+A172D-;-H 173K4•!^21.3H-f^^24SD■^T355E4S2S:6K*^259M27aR^^ 

a 0 Ql 2R-i- P14D-f T2 2 H-fT3 SR4N4 3 R-HQSSEi-in 6 D4 |^.9 9 D4 H 1 2 0 D^-Hl 4 0D4 
S 14 IR+SIS Al 5 8 R-f Al 7 2 D-fH 17 3K-f T2 l:3B-vN2 4 SD-f T2 55E4S 2 5 iSK+a2 
:&2:72R, P14B, Pi4K, P14K-i-N21SD, Pi 4K4-P12S:D, AISK, 

AISH, Him, tZm, ^7M> K27V, *3SD, *36D^R17aX+ 

qif SE+IS 5 iJE , *3 6SH-H12 OD-f R1.7 0Y4G 3 $L , * 3 SDtHlS OP+Rl 7 0 

£5 G1:9SE+K235IH'KS:5:;IE, *36D^Hl:2pB4;SiOT^ "nm, mBl^, D41E, 

;t4:3R, :N4m^ E5:3G:f:K23SX^, ES4G^ QSSE, 

aSSl-f H7 6E5^A9 8 H^-SSS D+S IS 6 A X 5 § P4 A ? 7 2 p-f J? 1 7 tK4-3:^2 1 3E+H2 Am-i- 
T2B5EfBt5m^B'^mm^72& ,mon, B76t>, BB9S, X9XF, 
KSm, WD, G&7D*^H120Ki SSSp, 3W*Jfl40K, E112ir, 

GifSfe-fK235X,, H12SDH-S170Y*GXS5EtK^3SM25IB, PX2SI5, EX36Q, 

EX3SE, sa36s, Emsmm&L, num, Wok, mx4or^ mi^m, si4ip, 

RX45A, S1S6B, SXS6B^Al5SR+i^X7:2D-^N173K, SXSSE+ AlS0l?mi72D-f 

N173K-f-T213R, SlS6E-^A158Rf AitaO^^KX^SK 
35 S256K4S259D4A:273R, ^ISSR, AISSK, Y167V, R170Y. miQmG&^E, 
El?0YfK2SlE, RX70Y4©195X;-fK25iE, Hl?0Y4GlSSEfK235L, 
YX71T, M72D, N173K, DXSXH, SIS4,R, >aS4R, NISSD, R186;P, X192V, 
Y192V,A, G1S5E, GXS5D, S19SE'fT2I3R, Q19SE4-K235I,, 
DX97S, DX97K, DXS7S,^ Q2Q6D, Q20SE, Ya09L, T213Rr T2X3K, Z2X4T, 
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12im, miSiX, miss, WSL, K23SR, KSS?!^, W24I¥,L. ^241I*H249R, 
W241I^*H249R, M4aO, H243R, K2S:iE, T25SE, ' 

:S35;9D, Y2&m, SSSSE, E27ie, SaHA, 

K^IV, WIQ.Q, A272t^ A272^, H375^, 

5 DI4;K, P14K+D120K, D14K-^-DI20K-5-DI40E:, D14K-i-D120K4-Di40K+D172K, 
K27D, K27D^D120K, E54a?> .ES4Y,: K97DtS9S:D, N37D-T213D,, 

:DX2p:K, D140K^ SXSSE, D172K, T213&, M2iaD. 

FurtlKsr specific prefex-r«d esafoodiB^ns are mutated 
10 subtil xsxB proteases cQsvprising oj>« or more of the mutations.: 



SOOl) 

SO 02) &1S5P 

S0p3) EXTOY 

5004) EX70¥4-Gi95:£ 
13 S005) K251E 

SdQ6) HX20D 

5005) H120D+GX95E 
S009) T71D 

SQIO) T71I>fG;195E 

20 SqXjL): BX70¥*K£:§1E 

S QXi j RI70ir-*:Gi9SE-f-12:S:lE 

SC13) T7 XS-fRX? 0Y~K2 5 IB 

S«14 ) T?XP*R17CY-S195E'^K2 SIS 

SGXS) K235L 

25 S0X6) HI20D+K235L 

S0X7) liX2 0DfG195Ht-K23SL 

S0X8) 0l95£:fK2SlE 

S019) K120 D^:R17 0¥4G 19 SE-i-K2 3 SL 

S 02 0 ) H1.20Q+Bi7 OI-iGlSSEf K2 35L-i-K25 IE 

3d S021I *36D 

S022) *36D*H170f*eiSSE-5-K2SlS 

23) *3 6 D4^M12 0DtRX7 0 Y4-GlS?5E4jK2 SSL 

S024} *36S*HX20DTRX7f>f*GXS5B^JK23$t,fK2S2.B 

8025) *36B4'aX2O04^GlS5E*K23SL 

3S S02S5 £13 61?: 

S027) E^BS 

soasi pisxM 

$029) Ea^S>i-B13&R 
ES9S-^~PX8XH 



3031) 

smy} 
5 smi) 

S2QX} 
S2Q2} 
S303) 
S204) 



15 



20 



SS29jl 

B242:) 
CDOl) 
C002) 

30 mm) 

eoo4) 

COOS) 
C006) 
COOS) 

COlO) 

CQ13.) 

CO 14) 
COiS) 



D197:H4-Ea7i.Q: 
E271Q 

gS SB^H ? 6:I3^ii9 S 9: 9X)4- 1 3 K+K2 3 S t-S- 48 D-f f SSSEt 
H24eD-KT2:53E+S3SSMSS9:D+i^2?.a 

Al72D4-Hl?3:B^K3:35W^4SS-a'2S5S^^^^^ :M72R 

*3eD+QSSfE4K7 6D4A9 8R4-S99D4H12 0D4-||14:Ob+S141^ 

B17{>V4-G19SB;-tK235L+K24SDfT255E4S2S6K-fS3B9D4- mm 

*3 6D-tQ5.§B4-N7 6D:-*-AS8R-^S9 9D4H12 0D-^Hl,4QD^ 

S 15 6E4- Al 5S R (- A 1 7 2 muil: 3 K+iC2 3:5 l^-f H14 8 § 5 E+ 

S2D§K+S2S9D-i-A272H 

QSS E*M7:6 D-i- 8 Rt-S 9 9 D-r H 1 2 0 D -i- M 1 4 0 D4-S 1 4 l.E4:S 1 S 
m5Mi^M7ZmnV7 3% K2 3 SL* N2 4 8C^T2 2 5S-i-S25 

mom 

A3eQ+N?6D*H120D4^G195E4^p3SI< 
K2TB 

E27D4D120K: 
DI72K 

014K+D12OK4^S14OK 

D14K>f-0120K-J<eX4Ol>f'D172K 

H97D 

SSBD 

^^21313 
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H97D-f S98D 


CO 19) 




Cd22 ) 

Vw* 'Vy i 




u U <:J _i 




ClOO) 




CXOl) 


E54T 




ES4¥ 



10 In a further aspeGl:: of the invention the above observa- 

tions about the pl,^ ax^e fxtrti^er i:tili2:e.ci in a avetiiod for 
detsrssinij^g or seiecrtxBg ths pps.itiors(s) s.r*d tbe assipo acid(s) 
to be deleti^iay siife^tltut^a or iriserted for the atniwo aicid(s) 
in a parent e.n2;yxae, wherelay th© s§Isctioi> is performed l.n a w&y 

IS 'iv-b.^reiby the caldulated net feleetro static charge («J3Ee) in a 
resuXtir50 jsutiant erjSij^sJse besn changed lis pomparisdn to tljfe 
NEC in the parent enisyiae of cJioim calculated at tiie saae pH 
yalue- 

20 i^othsi' way of fekp^^ssingt: this principle oo'iS'ered by 

th^ inysjjtiDn is that tihe position (s) and fch^s asrdno acid(s) to 
be delet^cE, suJastit-uted or ins«sftad for the amno acid(s) In 
said parent enzi^me is sei^oted ij^ a \*ay vhergjfcy the total 
nuisber of charges or total charge content {-"TCC) , arsd/ or tha 

S5 tlEC in a resulting Bxitant ieriz-yia^- is charged in a ivsy to provide 
for a mutant protease havirg an isoelectric point C«~pl,^) 
shifted iti the sasse directicin as it is desired to shift the pH 
for optimum wash performance of the ensywe, which pH optiss,usi 
should be as close as possible to the pH of the wash liquor ^ 

30 wherein said amtant proteasa is intonded for uae« 

lijaiGated above the pX^, Of a xsiigGroiSol^ctil^ such, a# 
ah -ensyMe is ealonlatsid as; the whsre tfae HEG of th® moleaule 
is egual to zero, trh® jsrofcsed^sre is &x€wplltim^ in tte e5?aaiples 
3S ij^IoWjf btit the prlncjiples are (3esc;ribe;d in xsore detail her@. 

pM 'iyalues ar& aissi^ned to ^sach potetitially charged 
amino acxd residiis, Then the ratio of the opcarrence of an 
a^ino acid residue at a given pH io charged or ■ancttarged foras 
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(crsarged/uncliarg^a, C/UCi)) is calculated for both negative 
and pasifci-ve ckarg^, bv aslng the fortsulaa la^ and lb; 

C/U(i) exp{in^g{pH~t?S;.) ) (nogatiye chargs) (la) 

e/t!(l) » mpi^ln^^ipK^^pE)} (gositive efearge) (lb) 

Frois formulae la a»cl lb it Is s^&n tfeat at pH ^gjiaX to 
16 pKp d/tJ(i) is equal to i, 

Theri th« relative charge, Q^liU or charge contribu-- 
tios allGoati^d to each charged rssidufe is calculiKtesd hf ixBin^ 
thm formulae XXa and Ilfo; 

15 - C/U{i)/:(l-f-:C/lS:(j,)) (B^^atlye Charge) (iia) 

- -G/um/WC/Wil}) (positive cterg^) (lib) 

Tfee pH value vhere the suxa of ail the charge contri- 
20 butions fro3T! tb© charged residues is equal to sero is found toy 
iteration or thrcsijgh ijiterisolatiQX) in a sutf iciejitly dsRS<s 
pH-chargfe ^ua table, 

Dw ytMEin mmmBjmo^ com prisih g tee mptamt mzY uss 

25 The; pireserjt inyenticf! also comprises the use of the 

ijt3ta«t enzym&s of the ihyehtioi^ in •cleaning and d^tar^ent 
e;63J5piositions and sueh cofepositior* cojRjsirxsiTvg the mutant 
i^Uhtilisiri enzi^nssa, 

Such cbiRpositiorls^ coisjiris© in addition to arsy one or 

30 fecjra oif the miatant sufetilisiji ensysjes in aac©raance to any of 
the preceding aspects of the ihvantior! alone or in coisblnation 
ai^j (St the ysual pothpoTsente included in suph cosjpositid^s i^hich 
are %reil-kftp%fn to th© person s3<illed in the art. 

Such co!^?ponepts comprise builders, such as phosphate 

35 or Ksolita biiiiders, surfactants,, suoh anionic, cationiq or 
non"io:nic surfactants, polysie-rSf such as acrylie or eguivalsnt 
polymers , bleach systeas, mch ss pterborate" or aminO'-contai<~ 
ning bleach preoursors or act:i\?ators, atructurants, snch m 
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silicate atmctursTnts , alkali: acid to adjust pE> &imsc~ 
tanta, and or neutrai inorg-anic salts. 

In several useful eabodissents tfee 4#tergent cqmpo~ 
S sitxojis can bs | orKJUlaij^^d as £oXl<3%mi 

a) A aetergent cmapositxGr) formulated as a detergent 

powder containing phosphate biulder, anionic surfactant, 
nonionic surfactant, acrylic or equivalent polyTser,. perborate 
10 bleact precursor, arnino-'Gontaining bleach activator ^ silicate 
or other struoturant,: aXikali to adjtist to desired pH in usey 
aM n«:iatr6ti iiiojt^'anic: salt, 

A d&te3?g©rit cosspositiGh for&ulated sis a d:fet®ir9^<Ssnt. 
15 powder containinsg zeoilte buil<5i^r ^ anionic surf a;ctant.j Monionle 
;S«rf:actant^^ acr;^lic or eguival^Kt polysaer^ pei^borat® bieacli 
prrsicursor/ ainlTio-contaihiTiig bleach aotivatpr, silicate or other 
structurant, alXali to adiust to desired pE in us&y arsd neutral 
incygaTiic i^ailfe . 

20 

c| A d^terg^ht cosapb^itlon formulated as an aqusGts 

detergant liquid comprising anionic surfactant, ncRionic 
s-arfactant ; humsctant, organic acid, caustic alkali, ■With a pH 
adjusted, to a value k>et¥een S anci IQ^ 

m 

d) A detergent composition formilareai as a nonaquaous 
detergent liguid comprising a 3;iquid non ionic surfactant 
consisting essentially of linear aikoxylatad primary alcohol, 
triacetin,: sodiTam triphosphate ^ caustic alfeali:, perborate 

30 KionohYdrate bleach precursor, and tertiary &.mm fcleach 
aetiyatolr, yit-h a pE adjusteat to a value bet^foen &hant 9 and 

e) A determent: compositioj> formuiated as a detergent 
35 powder in th@ tmm of a granulate ha^^ing a bulk detisity of at 

least SSQ g/1, e.g, at Isast 600 g/1, cpntaining anionic; and 
nonionio surfactants, e*g. artionic surfactig.nt iand a ifeixtufe of 
nonionio surfa,ctants with respe.cti\re alJioxylatlon degrees about 
7 and about 3, low or substantially zero neutral inorganic 
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salt, pfeQsphate biiiXcter, parbcrate bleach pracurscr^ tertiary 
smise toleaofe aotivater, sodiusi silicata, and minors and 
moisture. 

5 ^) ^- «S«tsrcie«t ijdmpov^itis^n forssulat^d as s dsiterge^nt 

p<5¥4e-r in tim torn of a granulatis having s fewifc density of a,t 
3:east 60:0 cGi3tsirsi«cf araionit; surfactot a latsitur© of 

BOBionic: sxiarfactants yith respective aikox^^latloj^ degreed atoput: 
7 and about 3, low or safestantiaLlXy sssro r5:eut£a:i inorganic 
10 salt, Kebiite builder, perborate fclsacfe: gr&cursor, tertiary 
assirie bleaclJ actiiv^tof, sodiujs siXicatfe, atid BXTsors and 
tsdistjure;. 



g) A detergent cosjpQsition toansulated as a detergent 

15 powder containing aniorsic surfactant,, noaionic siirfactantv 
acrylic polymer, fatty acid soap, sod lain carbonate, sodiuju 
sulphate, clay particles with or without a:T5ir?as, perborate 
bleach precursor, tertiary asjine bleach activator* sodipm 
silicate, and sincrt and ^elsture, 

20 

li) A det^argsnt coKpositioK formxjlated as a detergent, 

(soap) bar containing soap based on pan-saponilied mixture, of 
tallow and :oocon«t oil, neutralis^^d t''it:b; orthophosphoric acid, 
jftiifed vitJi protease, also ifsixad ^S'Jith sodlusj forKjat*©,. feorax, 
2$ propylene glycol &m sodiUK! salphata, ana the^ plodded on a 
soap pircj^uction line. 

j ) Ml ^nsiymatic dfeteirgent coispositipn f orjsiilated to giv« 

a t(?ash liquor pH of $ or less w-ben used at a rate corres^QMiiig 
30 to 0, 4-?0/B g/1 surfactaJit. 

k) An snKyaatic dstargent ciojspo^itipn fojmuiated to give 

a wash liquor pH of 8-S or r^ore vhen used at a rate correspon- 
ding to a*4-o.S g/1 surfactant. 

35 

1| An engyisatic detergent cjoisjpQsitioii formulated to give 

a vash liquor ionic strsngtb of 0.03 or less, e.g. 0.02 or 
less^ when used at a rate corresponding to .p., 4-0,. a g/i 
surfactant. 
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Hi) kti ejiKyma-tic; detergent composition forisulased to giv®' 

a wmh liquor iorac strfngtb, of O.OX ox^ xsora./ e»g, 0,02 or 
Bore.. when. usM .at s rats correspending to 0.4-0.8 g/i 

10 It has surprisingly been found that a decrease in thS: 

isoelectric point, pi, and herjce net charge of a s-ubtilisin ty- 
pe prots^se isiider washing conditip'SS! , can restslt in not only 
an impt:ov&& wa^h s>erf orsiance of the en^yss© but also aii iisprov®^ 
cosapatitoility with lx|>a#e> 

1$ It has ai^Q beeR sijrprlsingl^^ fosnd that compati&iXity 

of protease with lipase is influenced not only isy the: pi but 
aisp b;s^ the po^itiorts at vhich thB charges are loc^tad reiative 
to th^ actlv« &it& at the protease: The intrcdwctlon of 
n^gatiye charg;^: or removal of positive charge closer to the 

2S sctiye sits give^ strong^sr iaprpv^sient of: cpmpatihility of 
protease with lipa.se* 

Accordingiy, certain esboditsents of the invention 
provide eji2.yniatic detergent cojspositions, cojaprising lipase aad 

25 also co^rising mutated subtil isin protease^ wharein tte net 
molecular electrostatic charge of the jautated protease has been 
changed by insertion, deletion or substitution of awino-acid 
residues in coisparison to the parent protsase, and wherein,, in 
saia protease J t-here are, relative to :Said parent pt'otease, 

30 fewer :positiysly~cb.arg;ev'3 airiind™aoid residue(s) and/or mors 
negatively-charged amno-acid residue (^)/ whereby ^axd 
sufotiXisiin prdt&ase has an isoelectric pH (pi,,) lower thatj that 
of skid parent protease- 

3S One preferred class of lipases £or suich use dri^inates 

in Grasi^-'ttegati'V'e bacteria > and includes e.g. lipase engymes of 
tix^ grou^^s defined in EF 0 205 208 and 0 206 390 % both to 
tJiiilever) , (hereby incorgsorated by rsf erenoe) , inciudiwg 
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iipassH iKJSiursologically related to those froas cert«ii 
.nw ^scen s, E.„„alMiail a«d CferoiHofeacter strains. 

Preferred eiafosdx»snts of mutant subtilisin protsas^ 
mm-^mB foe use in conjunction with lipase as aforesaid possess 
5 one er mm mutations at: ths site of an assino-acia residue 
located withiivthe rang© of about 15A~2 0A fros5 the activa site, 
especially for exasipl^ at positions 170, 120, or 195, 

3?he iipas®: cau usef'qXIy ije adasd in the form of a 
10 granular mrspOBition, {alternatively si soluticsn pir a slurry) , 
of lipolytic enzysjg witis carrier jsaterlal Ce,g:. as: in EP 25>306S 
CKoY0: Nordisk; A/S) ah<3 Sayinase* anti Mpolase^ prodiscsfc^ Hov^e 

Tile add®d aTad«:nt lipase c®« be chtosan within ^is^a 

15 limits, for example 50 to 50,000 LU/«^ per grass of the ®»rfac.~ 
taat system or: of the a.^t©rgeht:: cojs^ositian,: e.g. often at 
least lOG LU/g, very uBefulXy «t least 500 liD/g, spmstimes 
preferably above 1000, above 2000 W/g pr ^feov^ 4000 i;;u/g or 
Kiore, thus vsry often withlrs the range SO»-4 0OO Ltl/g and 

20 possibly v^ithin the range 200-1000 KJ/g. In this specification 
lipase uiiits are defined as they are in EP 258D6S, 

Tne lipolytic ensyme can bs; chosen fron a?song a wide 
rang® of lipases ; in particular the lipases described in for 
axaispie the following patsnt specifications, E? 21476X (Novo 

25 KbMi^k A/m, 0 25B OSS and especially lipases showing 

iwuologieal crbss-reactivity with antisera raised against 
lipase from Thermojjspges lanuqinosas M'CC 32070 0 
and BP 0 206 390 and especially lipaseB sihowing iiraunological 
Ci-oss-r^actiyity y^ith antisera raised against lipase frois 

3<3 aim^§jStM™MSMm™MKL.IiS^^^^ nmh B-SS^S > or sgalnst 
lipase tern mmmm^ Pi^m^, a^Tce 31371 and fehm~p 
also tive: lipases described in specifications WO §7/00859 
COist-'Brocaaes) and EP 0 204 264 (Sapporo Breweries) . Suitable 
in particular are for example the following Gojatsercially 

35 available lipase preparations; Novo. Lipoiase*, feiiano lipases 
CE, B, AP, ?4~ap, aml, and cm, ana Meito lipases My--30^ OF, 
and PL, also Esterase® HM, Lipozym®, Saiken 
lipase, Enseco lipase > Toyo crogo iipase and GiDsynth lipase 
(Trade Marks) , 
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ssxtrasjtion of an; app^-dpsri-^fee lipase ^^ne^ t33«s gfs^e for 

iijjas^ from Thermojfiycres Xana^inesus or £rom a smtajitt th^T^oS, 
5 ma introduGt-ion an<5 exgsrsssioi^ of lihe geise or derivatiw 
thereof in. a aaitafoi« prGa:ucer organism such as an Aspergillus. 
.*h« tecbnimies described in m 8:8/02775 .(Hdvo Hordisk A/S) , EP 
0 243 338 (Labcfina), EP 0 268 452 {Gen&ndai:} and notabiy SP 
0 305 21S (Novo Hordisk A/S) or EF 0 283 675 {Gist-Brocades) 
10 may to© applied ana adapted. 

SisTiilar considerations apply mutatis jautandis x:n the 
case of othor enzymes, vhich limy also b© pr«s©nfc* Without 
limitation? Amylase can for exasnple hm U:s;«d when present in an 
15 aaiouj^t i« tfe© range about 1 to about 10^0 (isaXtose -uMts) per 
gram of defeergent composition, (or Q.Q1A-~1. 4 r ^«^« 0 ,07-0.7^ 
K^tJ/g IJJowo; ■aiiitsi) , Cellulass caii for ^akampi;© us^d wheft 
prfes^nt in an ajsoutit: in the range about 0.3 to afcout 35 CEVU 
units per grasi of the detergent coij^j^Gsitlon* 
20 The detergent compositions may furtharmor© includes th© 

follomn^ usuSsl d^tergeht irsgrsdients in the usual aBjounts* 
They TSk&j fee built or unbuilt \, sray be of th© sero-P tfp& 

(x*e:, 33ot eohtaining mf prospborus-eositaining builders) . Thus 
the compos it iciii may cotitain i-rs aggregate for exaisple froiTi 
25 1-S0%, e.g. at least about 5% snd ofterj up to about 35-40% by 
weight, of one or ^or© brcianic and/or inorganic builders. 
Typical exaKspIes of such builders include those already 
mentioned above, s%nd more broadly include aljcali Metal ortbo, 
pyro, and tripolyphosphates, alkali Sietal carborjiates,, either 
30 alone or in admixture vith calcite, al3«ali metal citrates, 
alkali metal nitrilotriacetates, carboxymethylpijysuccinates; 
geolites, polyacetaIcarboxylat.es; and so on. 

Furthermore , the detergeiit ootagsbsitiohk m^y cofttaih 
froB l™35% of a bleaching agent or a bleach precursor or a 
35 system ci5nprising bleaching aqmt and/or precursor mth 
activator therefor. Further optional ingredients are lather 
boosters > fbam depressojr^, anti-oorrosion agents^ soil-suispen- 
ding agents^ seguestering agents, anti-soil redeppsition 
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agents, psrfusias, dfes, stabilislna age«ts far tB«= eKEyjaes and 
so on. 

Th^ cosspositioBS ca^i ba used for the washix>g of textile 
laatferisls,: esgacially but wittoyt limitation cotton and 
$ palYest^T-h&sm textiles and mixtures thereof, Especiallv 
suitable ar«s for ex^iupl® wasning processes carried out at 
tempsratures or atot ©o-ss d^g € or lower, ©.g. about 
30 "0-35' e or im^. it can l?e vary siutable to bss the 
CQ3spo;«iti:ons ^fe a riit® sufticient to provide about e.g. a.4-cuS 

Id g/l surfactarst in the w^sh li^^[uorr althoug'n it 1^ of course 
posBihl^ to use lesser or grestfer p©nd®i^t;»ations if desired. 
Withqist lijsit^tiGn it caf> fpr exa??sple is© stated that a u&©»-irat® 
from afeout 3 g/i srid up to atot 6 g/i tJis d^terg^Tst 
formulation 1^ suitable for tsse in th« case whm the torifuia~ 

15 tims ar^ as in th®: BK^ispios;, 



Many sriethods for introducing Jsuts-tioj^s Iftto genes are 

r&mom sites, ana specific sites, witftin tfee subtiiisin gene 
will be ciiscussed. 

Th^ gene fencbdihg stibtllisin mj fee clonea from any 
6ras8-poisxtive foaotoria or f wngus bj; various sssthods, %-,'eil knov/n 
in m& art, First a g^hG^Io^ and/spr omk Xxtorar^ of DNI^ ssust 
fos constructed Us ihg chrosspsomal mA or ^essengar txm the 

m organism that produces the subtil isiij to be studied. Then, if 
th& m&w-^&cM seguettqe of the: s^fefciilsin i,s kaowrj^ hp^oiogous, 
laMiled oligonucleotide probes is^y b^ «ynthosi?ed md mm to 
xdentify stsbtili^ip-escpdxng cloaes frosa a gersoMo liferairj- of 
bacterial DM, or frosj a fungal bm& library. AXternati-yely, 

35 a iabelled ol igonuGl sotide prpfee cantaintng saguences homolo- 
gous to subtiliain frsm ajiotbar strain of bacteria or fungus 
ootild foe t:sed as a probe to identify subtilisin-encjodihg 
clones, tising hybridisation and washing corsditibna of lower 
stringe-ncy , 
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¥®t anatlsaK ssethsfi for j-dentifyiug subtil is in-pro- 
dtsttitif 0ioBes MonM ms?o}^e irssertxrug fra.gmer?t;a of g^nomxs; pHA 
into an expressios^ v^&tot^ such, as a pXasmivS, transforising 
:prat©ase~negat:i^?e bacteria with ths resultirsg genoisic Dm 
5 library, then plating the transformed bacteria onto agar 

containing a substrate for s^ibtilisln, suofe as skim TJiilk. Those 
bacteria containing sabtiiiaiii-fcearing plasmid will produce 
colonies surrounded by a halo of clear agar^ due. to digestion 
of th& skim mili^; toy excreted subtiiisin, 

10 

GBHBRAl;ICiL.^ILEMSQE..jailSmO^ ^^^^ 

Dnc« the subtil isin gene has been cloned into a sui- 
tabia vector^ sucb as a pl^i^j^iicl:, several methods can. be issed 
to introduce random mutations into tbe gan®x 

is One laotJbtod wduM bfe to incorporate th^ cloned s^Jtotilisin 
gen^jr part of a rstrieyable vectbr, ihto a autatpr strain 
of E^eh^ylma pcsj i . 

Anothef Bethod ^oyld involve g&n&tating a singl© 
stranded form of tks subtillsin g:^n&! an^ tben annesllng tbe 

20 fragment of Wh containing the sufotilisin gene sfitb anotb&r 
fragment such tfeat a portion qf tbe subtilisin gene resuainesS 
Single strandea. This discrets-.^ singl® stranded region could 
then be exposed to any of a nmnber of jsutageniKlng agents, 
ineluding ;r fe»t not litslted to, sodiuit5 bisulfite, hydroxylamina, 

2% nitrous acid, formic acid, or hydralazine, K specific exasfipie- 
of this method for generating random 3sn tat ions is described by 
Shortie and Nathans (1978, Proc. Katl. Acad, Sci, tr.S.A., iSx 
2170-2174) , According to the shortie and Nathans ssethod, the 
plasmid bearing tha subtil is in gens would be nicked by a re™ 

30 striction enzyrsse that cleaves within the gene. This niolc would 
bo widened into a gap using the exonuciease action of DMA 
polysserase I, ^he resulting single~strei.nd.ed gap ccul<| then be 
ssutagenizeci using any one of the above Tsentioned mutagenic ing 
agents* 

35 Alternatively, the subtiiiein gene fros a Bacillas 

species including the natural proiaoter and other control 
se<3\ien<ses couXf be cloned into a plasmid vector oontsining 

repiioons f or both B . coli and B, subt il is . a selectabie 

phenotyplc marker and the HIS origin of replication for 
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■production- of slngle*strana^a plasKid DMA upon superinf actios 
with helper phag^ IKI. Single-stranded plasjnic! DNA containing 
the cloned smttU&in gene is isolated and annaaled vith a Dim 
fragment CQrvtaining vector saqiiences but not the coding region. 
S of sxsbtilisin, jr^sultir^g in s gapped duplex molecule. Mutations 
ars irttiroa«ced into the ^ubtilisin gm& either with sodium bi- 
sulfite, uitrous acid or fprmic acii or by replication in a 
3sui:atpr strain; of 1^. mM. as m&orih&a abodes, since sodiass 
bisulfite reacts exclasiX'^ely with cytosin© i« a ^in^le- 
10 stranded mA, the isutations created ^5Ah this Mutagen are 
restricted OTilly to the coding rogione. React ioh fci^e and 
bisulfit® concentration are varied in dif f^reiit essperlmnts 
such that frojR one to five nssitations are cxsated per suhti- 
lisin gene on average, irsouhation of IG of gaFg»@d diiplex Dim 
15: ii^ 4 M Ha -bisulfite, pH, 6,0, for S siinutes at 37 -^c in a 
roaction volui^is of 4 0d ^^1, deasiinates afoost i% of cytokines in 
tha singlfe-stranded region. The coding refio« of matuire 
subtxlism contains about 2QQ cytosinss, dopending on the DKJl 
strand. Advantageously, the reaction tijv-e is varies! from about 
20 4 minutes (to produce a mutation fr^guencA*: of about one in 200} 
to about ao minutes (about 5 in 200 5 ^ 

i^fter 5autag®nesl.sj the gapped Koiecuies are treated ih 
Stitjs with DMA polyiserase I {Klenov fragjr;ent) to jsaks fully 
doubXfe-stranded ssGlaoules and fix the mutations. Competent 
SS^ali. &re then transf brmod with th^s 5?i«tageni2od OJ^a to produce 
^^ajpii^fied iibrary of mutant stibtilisins, toplified mutant 
lihrariss mn also made by growing the plasssid tMA in a Mut 
D strain of cell whlph increases tJie range for imitations d.ue 
to its error prorie DMA polymerase. 

Jlt2tagens nitrous acid and formic acid maSi^^lso be 
used to produce jsfutaiit libraries. B<scau^s theses c&eisicais are 
not a& speoific for singXe-stranded DHA as sodiu^ fcistiifxtei 
the p^tafenesis reactions are psrf qrise'd According to the fcsllo- 
wing procedure. The ooding portion of the subtilieln: fene is 
35 cloned in M13 phago by standard inethoas and single stranded 
phage prepared > The slngls-stranded M is th^n re&oted 

with 1 M nitrous acid pH, 4,3 for is~-60 s^inutes at or 2.4 

.-v,.-,-^, v.- >..,j,,.vi!..<_^t V,., iii-eae langes ot reacti.on 

tiises produce a s^utation freguency; of froS) 1 in 1000 to 5 in 
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iood . Mt^er mxtmqmmsxsr a -universal priiae^ Is atirjealeci t,o th© 
M13 DBh and duplex mi& is synthesiser using tto« mtagersiKed' 
siBgle-stratjde^ DKA as s t-e;SjpXste s6 tMt tiie coding portion 
<sf tfe® ssbtilisiri gene foecoi«es fttily doubl-s-'StraTjded, i^t tfeis 
§ Ijoitst t-he cdding region cat^ be cut. otst of tfee His vactpr with 
restriction errs^^Tses aad iigstsdl irsto an uBJautageniaed «:Kpress-~ 
ioji vsetior so l^iia't mut.at-iofts secur only in the s-^.strictioa 

10 OSMEBATION OF SITB DIl^ECTE B MUTATIONS IN THE Sl?BTXI >XSIM,,SgMl; ■ 
Ones tile subtil isirs gene has hmen cloned, and de- 
sirable sites for mutation identifieci, these isutations can be 
intro<J«ced tising: syn'thetic ol igon^oXeptideSs "^hese ©ixgcf~ 
rmcleotides confcaijs: ;nuelec3tide seqtseftc^s; f XanklBg the desired 

15 Jactation sites; isxitant nucieotx4e^: axe ihssrtea. diiring oligcj- 
nwc5ieoti<-te synthesis . %n & ^xi^t^x^rm^ m&^ho^f a singXe stranded 
gap of t>tiAf bridgirig th^ svibtill^lh gene^ Is created in a 
wctox besring tfae ^ubtllisin gm^, Then the sy^stiietic nucleo- 
tide^ hB&ting the desired mutation* is anrseal^d; to & ha^olo- 

20 goxJs portion of the singls^^strahded t5J?A. The r<©maining gsp is 
tlien filled in by DNA polymesrase I <K3.eT^o'sf fragment) and the 
construct ie ligated u^ing: 'M ligase, U ^i^ecif Ic ^j^a^sple! of 
this jaethod is described in feri.naga et al» * ('^■^^''^ i Bioteoh- 
nology , 3i.ccordihc| to Morihaga et a.1. , a fragiRent 

SS, within the gene is removed using restriction endonuclease. The 
vector/gene,, now containing a gap., is then denatiired and 
hybridized to a vector/gene which. Instead of containing a gap, 
has bean cleaved with another restriction endonuclease at a 
site outside the area involved in the gap- A single-^stranded 

3 0 region of the gene is then avEtilable for bybridissation v>'ith 
mutateid oligonucleotides , the rejssinix'jg gap is filled in by the 
Kleno¥ fragment of DMA polymerase .1:, the insertioBS are lighted 
with fi DHA ligassi, and, after <m& cfcie of replication a 
^oiaJ»le?^stra,ndad plasjaid hearing the desired lautatxon is 

3S produced ♦ yhe $?orinag:a xsethcsd obviates the additional siahi^ula^ 
tion of constrisqting new restrictioh sit#s, and therefore 
facilitates the generation of •sautatiohs at iauitiple sites. U.S, 
Fa^teiit mmber 4/T60,,OgS, by Bstell ^t al. , issued <3:uly 36^ 
is ahle to introduce oligonncisoticies bearing miiltiple 
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mutations by pferforKim minor alterations of the cassette, 
Um&Y&r, aft even grestier variety of svutatiorss can be introducsd 
at ar^Y ons ti-ne by the Horinaga methocl, because a svultitude of 
oligontiClaetiiaes, of varioiis lengths, can be introducad, 

5 

EX gRESSX g^r OF BO:in>ILIgXb?J^ 

moomixiq tq the iiwentioa, a ^utateti ^«l5tilisin gene 
proteed hy mtho^B descriibs4 atoove^ or my alternative methods 
mown in tlse srt, can be expr<essed, in ensiyme forss^ aslng a« 

10 wression vector. An exp^^ssic^j. vector generaUy mis uiaer 
tlj« definition ot a clssnlrsg vector, since a« expre^eion vectot 
usually IrjcXudes the coiopanents of a t^plo^ plonim ^?®ctor, 
nassely, an ele^nerit that peroits a»t(3s>pa?q«s replieatios? ©f tiie 
vector in a ^slcroqrganisis indeperiasrst of tfe© ^etiOMB of the 

IS: sriicroorganisK,, an.<i one or jsore phenotyplc; rKarJiers for sel^ctioB 
purposes. An e>^pr^30sipn vector inclujS«ts cdntm sequencer 
encoding a prorftotsr, operator; rifoosome binding site, trans- 
lation initiation signal, and, optionally, a repressor gene 
various activator genes. To permit the secretion of the ®x~ 

20 pressed protein, nuci«!Otides encodix^g a ^signal saguence" my 
he inserted prior to the coding sequence of the gene. For e^c- 
px&smon under tfe; direction of control sequences, a target 
gehe to treated aecording to the invention is Qperably 
linefeed to fch^ cpritro:!: se(|dehces in ti>e proper reading frasie. 

25 I'roaoter: ses^ex^c^s that can be. inqors^orated ihto plasmid vee- 
tors, and which can support th^ transcripticsn of the isutant 
sttbtllisiK gene, inc l«da biit are; not limited to the prokaryqtic 
ij-iactamase prqisoter (VlXla-Kasiardf f , etai . , Proo. gatl, 

Acad. Soi* U.S.^. 21^3727-3731) and the tac proMoter (D#8oerf 

30 fet ali s 1SS3, j*r«?c. HatL Acad. aci. Q.S.J^. iat^X-^S) . Further 
references can also be found ih "Useful proteins ty&M recombi- 
nant hw^ria'* in $cientiric kmrimnf 19BD^ 2Mi74~^€. 

According to on^ epbodiitleht B^^.;: s^3:btilis is transfor- 
sied foy an expression vector carrying the miitated mk* It ex~ 

3& pression is to take place m a secreting isicroorganissi Budh as 
1> MMAIli, a signal sequence s;ay follow th& translation 
inxtiation signal and preceae the dj^a seguehpe of interest, ^fhe 
signal soquence acts to rransport the e^^pression product to the 
cell wall where it is cleaved fra«i tbs proauct \ipon secretion. 
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t;e3rsj "control stqaej^c^s'* as def xnad afoove: is infcei?ded to 
iiiclisde a signal: ^^qfusnc®, whsft it is presents. 



BXAHPLES 

5 SITE „8MSX|LlC.MyixT^ GSHS RATES , , MSPtPTS 

WITH USEFUL GHEMIS^L CimRSCTERISTICS 



Mlg?lgJAI^ AMD METHODS: 



^,f™™^feiiiis 309 an^ 14? are yariaists of .SasiJJjtS^g, 
,li&Qt3:J^f deposited srxth. tit® HdlB and accorded the abce&^ion 
nsjsa&srs J5CXB 10147 ansi i?ca;B X030S , and desqrib^d in U.S .. patent 
Ho. 3;^723j2$0/ issuea Harch 27, 1373 ^ and ihcoE-poratM in its 

IS entirety by rsference hpT'^in. 

^ siiibtllis DH 497 is dsscriteed in U.S. Serial Mb» 
035 ,S9B filed April 17, X987, cormsiponding to EP PWl. Ho* 242 
220, also i^soorpc^rated fey refeMc^ herein, and 1^ an aro+ 
tiransformant RUB 200 with chroTSi^^sbjaal IMh trtm Sh a 

3Q sporioiatioB ajid protease 4e£icisrjt strairv ofetaisjed f roju pr. Kis5 
Haii^dy of Biog*®n . 

&.^...„coIl MC 1000 r"^ (Casadaban, M.J. and Cohen, S,l* 
(1980) , J. Moi < Biol, list 179--207) , was Kjade r'"V- conven- 
tional isetliod^ and is also d^^cripecl: in U.S. Serial Ho, 

25 039, 29S. 

B. at^btills DB1D5 is dasci-ibed in: Kati'am'ura , F , , Doi^ 
H.H. (3,984;!, Construction of a SfK^lll^is stsbtilis double mutant 
defici.ent in extracellular alkaline and neutral proteases , 
J.Sacteriol, 160 442- 444, 

30 

pSXSQ (d<fesc;j?iJa(6a in D>S* patent applloatioii serial Wo. 
039, 298 f atid incotporated by reference |>erein) Is a dteriyati^''^ 
of plasnid pDH lOSO domprisiTig the; proiaoter-opiarator P^©^, the 
3S lx™S^ialM xyB S genfe and ti)^ sttbtilife xyl H g#n®» 

pSX62 <d.asci-|.bad iji n.S, patent applicatlGn s@ria:l So* 
03$f 298f ^§ ^ derivative of pSX52 HMM) f W^ich 

comprises a. fusion gene fo&twsen th^ calf procliyjsosin gers® and 
t|5.e Bv pumilxiB xyn B gene inserted into pSXSO (sdpra) . pBM2 
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was ge-nerated by inserting the jL™„£cIi rrn B terminator into 
pSX32 behind the pKocJ^ysiosin gene. 

pSJJSS (described in JJ.,B< patent application serial Ho. 
m$ f2m, sjapra) is a derivative ox plasixld pDN 1050, compTising 
S th& prdmotor-6p6»at£5r F^Oj, the l^miiallus xyn B gene, and the 

pBXBB (d^^cribed i» anpufelishsa listernatioBal PateRt 
Appiicatipii no, pgt/dk QB/mm2 {mm ^mmmt: h/S)} is a 
a®rxval:i;Ve of pSIsO comprising the subtil Isin 309 gene. 

pSJJSiS was prpdueed by Glonin^ th® salatillsin 309 i^to 
pla^jsid pSXSZ immm) -ut at Cla X and Hind JlXf m& Cl^ I 
filled prior to tKe in^srtiorj of the fragroenlis Brai™^Hfeei and 
B&sl-Hlrid HI frosi t^4 cloned sufetilisin SOS gene:. 

pSX93, shown in I?lfiire 3, is puci3 (Yieir® and. Massing, 
15 1982, Gene Hi.; 2 59-268) coisprising a 0.1Kb Xtoal-Hind III 
fra^ent of the subtilisin 309: gene iKsluiiing ths te:rmin®t.or 
inserted in a poly l inker secnssnoe , 

pSXll$ (d&scribed in x)npablist>€d lnt<hrnation&l Patent 
Application no, FCT/DK S8/00OQ2 (HOVO INDDSTRl A/S) ) is pSCO 
20 harbouring an EcoHI-Xba.X fragjsent of the subtilisin 309 gene 
ImmtBd into the poly linker, 

:p$X120 is a plfismia where the Kpal»BindIII fragjsent 
with th« s^jJstiiisin 309 gene fron; psx$8 is inserted into 
EcoKy-^HindXIi on pPS imi, m a w^y whereisy the protease g©ne 
25 is expressed by the ajivy K and as?y g prpiaotors, pm 16 SI is 
obtained trpi^ pW 1300 {Diderlohsen, B. ^ind Chri^tiansejq , L, 5 
i9M, FBHS Hiorobiolo*iy Letters 56; 53-60) wiM an inserted 
2«i?5 bp Ci^X fj^a^ent from: ag;y ldl| qxve Raglans feairrying tfee 
asay Q gane with proaotor (iPakkihen et al * ; 1S8^, i?, Mol , Chm. 
30 256: IpOTff.) 

ptJClS is described im yieira,, il. and Messing, J. j 
1982> Gene IBl 353-268, 

#JC1& is sle&oribed in; Yani^ch^-Perison, C. and ^ieira, 
J, Messing, J., 1985, aens 33; 103-119, 

pUBllO is dsseribed iTsj I;acey^S,W- , Chopra, ir. (I974i , 
Genetic studies of a multlrssistant strain of Staaft yloccccus 
aureus, j, Med.Kicrobxol . 7, 285~2S?, and in; 2yprian,l. , Hat- 
gura.H. (19SS) , Characterisation ox signals prossoting gene 
expression on tbe Staghvl osecgMs^ piasjaid pUBllO asd 
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^^Yeibp5s:eftt of a Gram-posat.d.vs expr^sasiori vector system^ 

§• The genes for -the ■varipus. .sybtilisins were obtained as 

referenced in tlie litarBture 'sentioned above. In particwlar 
the genes for the subtil is in 3£)S and 147 en^yises we.re obtained 
as aescribed in unpublished iivternational patent application 
no. PCT/DK i8 8/00002 (NOVO IMDOSTRX V'S) « Which is hereby 
10 incorporated by xrefer-ence in its entirety., 

gUBTILISIN CA8I:SBE?£4 tmmmGTimL. 

A s:^nt.fi«tic gsns was designed based on the co^^lng 
sequence of the K^ature subtiXisin C^irl^besj'g protieasei an?a its 

IS '^transcription terminator (Jacpbs> M. EiiassonjrM, ^ lJhlfen,H-j 
Fiock^J.--:!, ri^sS') > CloBing^ steqts^jijcing and Expression of 
subtiXisin Carlsber^ froia Baei llus I ichenitorinxs . iucieic 
MiiMs Res. 13 (24), S9l3~a§SS) , linked t:d the pre aM pro 
coding seguenees of the subtiiisin BP}?' protease (l^ells>iI.A.^ 

20 Tetrrari^E.^ H&nner>D. J.., :EataI;l,S.A. ^ Chen^E.Y, (1983) , 
dlpning^ sequencing and secretion d| Btcill:ua-~aMElS^i^tlj^r 
oxejig subtiiisin in 8a c 11 Itt s eti-bt- il i s , K'aclei Acids Resv 11; 
(22) J ?911-»?92S} <. The gene was subdivided into seven fragri®nte 
in length ranging fro-ja 127 to 313 basepairs^ each fragment 

as built up from chemically synthesized oligos of 16 to 71 
nucleotides. The overlap between the oligos of the two strands 
was optimised in order to facilitate a one step annealing of 
each fragment (Mullenbachj 1'ahrisx, A. ^ Blacher, R.W.., 

Steimer.K.S. (1986) , Chemical sj^nthesis and expression in Yeast 

30 of a gene encoding connective tissuf activating peptide-'-XXXr 
J.Biol. Ches^. 26% (2), 719-722), Each fragment was aseeiBbled 
and cloned in ^n £. Coli cloning and sequencing vector* 
Eeg^ence analysis of these cloned fragjiients was perforsRe^d to 
cohf irsi the corredtneiss of the sequence of each f ragment . Then 

3S ail of the f ragjEsents were aesejsisled and cloned in the ■5?e;ctor 
pUSllO ^I.«acey*I?.W. , Chopra , J . {1974) , Genetic sttidies of a 
mitiresistant strain c-f staphyloooccas aur^ns , J. 
Hed» Microbiol. 7^ 285-297) and hromht into B. subtiXi^.j:>Bl65 
|Kawamura,F. ^ Doi, R.B. iim4) , construction of a IMiiia^ 
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^ub£4Ii& doub3.6 mutant: deficient in extracsl.lular allcaline and 
mutrai px-oteasas , j.Bacterloi. leo (2), 442- 4 44), Transcrip- 
tion of the gene initiated by the Hpall proisotor of the 
i;^Bll0 plasmid vedtcr {2ypriab,£. , MatEura,H. (1986) , charac- 
5 terissatidrs of Blgtmls. promQtlng gene e^^prsssion on tha ttS^SY::: 
lasSSS^^^rigMs piasj^ aiid ?S«YeXopuve»t of a Sraa-posi- 
ti'v^e sxpre&^iors v^o:feor system^ 5 (3) , 319~235) . In tli« 
process of the gene CG^struction it turrtad out. tliat tiie lopgsgit 
ffagmerit {#§; 3X3 )?as^|>airs lotsg) needed further fragasSBt&tiqt} 
XO (fragments |g and #Sj in order to avoid prdblejas v'itb i^e 
&&B&mhlY of this rather long fijagnseirit* 

^fae ^^ii^o acid se(|\3et)ce deduced m&m the aucMotide 
sequence differs 'frois ths e&tXi&t palsiished s-abtllisiTi Calais- 
berg sequence at positions 129 ^ 157 ^ 161 and 212: ( Smith, B. L, , 

subtilisin Carisberg V, The cossplet-s sequence^: co^parisoa with 
subtiXlsin BPH'^ ; evoI\>tianary relationships . , J. Siolichets.: 243 
(9), 2184~2XS1), A fifth alraration reported by Jacobs at al 
(I9B5) could not be cont'irssed in the clone of the Carlefoerg 
20 fen® described here. ' 

The calcuiatiqn of the is;oeIsctr.i.c point of the 
^ubtxiisin: 30§ mid type smzfisi^ (SOOe) i^ exeKiplified belpvf in 

2§ ot:d&r to: demcn^trate the proeedur® used, 'Sh® ;©ame procedure is 
of course appliGable to the cbSiputatiors of ahy ^ntfp^^., whether 
it being a Biutaht engytos or hcsti 

pK values were assigned to each potentially charged 
aa^ino acid residue (Tyir, Jisp, (^lu^ Cy;&, ^s^g^ His, H~ 

30 te^irialr C-tengittal , Ca?^) , Xn this ca&e th© envirdh3ae«t vas 
taken into consideratidh, whereby ^if f^rerit pK yalijes are «sM 
fdr the eaise ai^ino acid resi;aue dependent on its neighbours, 
fhe assignea valties are indicafcea in fable II> 

Then the ratio of thO: occurrepce of ah: amino acid 

3§ residue at a given pH: :ih charged or isncharged form (char- 
ged/uncharged, C/UCDj was ealcuiated for both negatlva and 
positive charge, by using the formulae la and lb, respec- 
tively , In Table II this ratio: is only indicated for pH equal 
to pl^. 
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Subsequently the relati^^e qbarge, Q,.Ci) ? or ofctarge 
oesstri-foiitiion aXlocat-ac3 to maah charged residue t^as calcul&t-ad 
fo:f usiisg the fprmuXa® iXa &n& 

TJse pH vaX«s where "tb® siim of all the charge contri- 
5 butions frcxii ^km ch:^rged rissldues is ^igual tc? z®i:o was found 
by iteration* 

'i 
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lis IMicated ^bciv® and in TaSiXe II ttee pK va-ltse 
assigneiS t.p eacii aislij:p acid was diif f srent: isakiBg local Yari^-" 
t.ions in j^rivirojiment ixxto cons iteration. This only resiiliss 
3S in an enhanced precision in the palculation, tout escpsrianc® hais 
shown %la&t constant estisiated pK values are helpful in sliomilg 
in vhafe dir^otion the pl^ for a given mutant ensyi® will move 
in co^iparisoh to th>s pl^ of the parent ifensyBe, This is ihdi^ 
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cated in Table Ml, wfeare px^ ^alu^s for estimatsd pK values 
ar© indicated. 

In order to cojsp&re various enzyT^es and mataiit ensym^s 
washing tests descrxto^d in detail belci^ have .besn perforM;^. 
5 Ix^ Table III below results from tlsese tests usxT^g parent anKyae 
ana BUtant enzymes fros subtilisis 30S (designated SOOO, etc.) 
ma BUhtilXBin Carisberg (deslgnatea COOO, etc) have been 
tabulated; in order to dsmonstrate tiie correlation between pi., 
and wash ^eirforlaancse at aifferBnt pH valuss ox tfes wash, liqxsar 
10 used. In tte washing tests :a loi; salt liqi^id detergent forssula- 
tion of pu S:.3: acoar<3ing to: detergent etxaisple D7, and a nors^al 
salt Fo^'der detergent of: pE IQ , 2 according to detergent exasipX<i 
D2 %"ere w^^di 

lii: *J'sfei^. Ill tbs restilts sr$ iridicated as reiattiv^e 
IS results cpiapar^d to tEe v.ild type ehssyia^es (SOOd and CSOO, 
r®^j>&ctiv©ly) . AIj^g,: oalculated ai^d Ghserysid pl^s .f<>r the 
ensym^e are indicated. 
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3S From Table III ifc is seen tJiSt shifting the to 

lower vaiti^js (s^serless) provides for an isnproveiaent. ixx wasJi 
fsrf orssance 1©%? pH (pH«=8 , 3j vliere^^: aft up'Sfard shift in pl^, 
(C-^seriBS) provides for an iispro^'ei-s^snt in wash performance &t 
high pH CpK-10,25, 



Til© coijce^t of isoelectric point has thus h^m found 
to be very useful in selecting tne positioi^a of fcl^e aMO acids 
in the parent erjsvsie ahouisi bs; changed, 

5 It generally besn fovmd that giutations should be 

p^farmed in codons ccsriresporiding to aKtlBo acids situa.te;S at 
or near lip; tfe® surfao®! &t tlm &izfmB jsoiecule tlierebv' retai- 
ning tha internal; ^trttcture ot thm parerat enzyme as much as 
ipopsifele, 

10 

The pracB<XurB relatsss to a typical purif icatioa of a 
10 litf!© ssciale ferssentatlon of fche Stibtxlisin 147 sngi"^^., the 
Si;!i5t:ilis|:n 309 enspse or feutarsts thei-eof 

IS &ppro3ci;^eitely s litrss of Cari?i®ntatio« brotix were 

csTTtriftiged at SOQO rps for 35 Mutss i« i litre feeate^. fh« 
supsrnatants vere adjusted to pH 6.5 using ;iO%: acetic scid and 
filtered on Seitg Supra sioo filter platBs. 

The filtrates were concentf atsc^ to approxlBately 400 

20 ml using ax^ Junicon CH2A tJF unit equipped vith an j^^jRicon SIYIO 
TJF cartridge, The W eoncsntrate was csntirifuged and filtered 
■ isrior to absorption at roos tej^persture on a Bacitracin 
affinity coiusn at pH ?, The protease was eluted frojn the 
E^aitraoins ool-qsnn at rooa temperature using as% 2-~propanol s^nd 

25 a n mdw. chloride: in a buffer aoiution with o.oi diise- 
thyigiutaric acid, O^i M feoric acla:; ana Q.002 H calcium 
chloride as^Susted to pH 7. 

The fractlDns vith protease activitj^ fross the Ba- 
citracin putificatipn 3tep 'were aoHbined and ajspli^fd t-o & ?5G 

30 ml Sfephadex G25 coitjisn (s ok dia , ) equilibrated with a buf f er 
cofitainirif o,Gi aixsethylglutariG acid, 0,3 M boric acid SBd 
0,002 m caicitjis chlori^ae adjusted to t>H 6.5, 

Fractions ^ith proteolytic activity froB the BmphM&y. 
G2S coluavn were camfc-in^a and applied to a ISO M CH Sepharose 

35 CL 6B cation exchange colustn iS on dia,) equilibrated with a 
buffer containing p. 61 m dlmethylglutaric acid,: 0.2 H Iboric 
acid^ and 0.002 M calciujs chloride adjusted to pH 



SO: 

The protease was «lute4 usiysg a linear gradiestit of O** 
0.1 n Bodixm. cMbri^B in 2 litres of the sams buffer (0-0.3 m' 
soidi^si clilcride in cas^ of mxb 147) , 

In a fisai purlficamon; step protsase containing 
5 fractions trara the CM Sepharose column were coKbinasS. and 
concentrated in an Andcon ultrafiltration cell equipped with 
&: GRSIS'P iseinbrane (froiu tlie Danish Sugar FaGtories Inc.). 

Subtil is in 3 03 and mutants 

Gly 195 Glu (G152E (SOOl)): 
10 Arg 170 Tyr {SQ03))J 

Arf XI Q Tyr f sly .195 Slu (m7014-G3-95B (S004))J 

%JB 251 Slu CKaSlE (S005)) ; 

niB 120 Asp CH120D ISOQS):) ; 

M:^ 17Q tysr 4- my -s- 251 <^lti 

IS jm70Y-}-SI95ErK51E :(Sqi2)) t 

l^S 23^ (KSSSL (SOXS) ) ; 

His iao 3^sp -^^ Gly 195 Glu -f Lys 23B Leu (Hl20D-f03JSE-t 
K235L (S&17) ) I 

His 120 Asp Krg 170 tyr + Gly lp§ -f- Lys 23 S 
m JUeu C:H130M170^*S19SE-^K235I> (SSlSl) i 

Bis iaO A^p 170 tyr -i- Gly 19d GIu Lys 23 5 Leu 

+ L(f S 251 alu (mR0BtK:17QYtei95B*K$35]>fK251E (SOaO) ! 



were purified by :t;his procedura, 

mBMi£MmLM...mmm).....mMiM^jM carlsbirg -^amiis.. 

Fermentation jaedia were either directly applied on a 
ba.cit:racin affinity column (S cm aiaa * IS c®; ^qijilibrataci 
with 10 S5H Tris/HCl buxfer pJj. i^9T f Ipw rate appro^i. SOQ 

30 or ooncent rated to 500 srI toy: ffisshs of: a Hephross ^dante H^F* 
dialyzar (Organon Technika) using a back pressure of 10-12 
p.s.ii &nd dejainferalised water in tfeis owter cirquit. Ib the 
latter case; tke pratsaise was preGipit-ated ftom the cpncentrat^ 
by adding 600 q/l ammonium sulphate* Tb.& prfedlpitate was 

35 colleqte^d fey Beans pi centrifngatiois an{3 redis^??iyed in approx, 
500 Sil Se:^in^ralia«sd water. The ajimoniua sulphat© was rejsoyed 
from the protease solution usihg the sair.^ dialyteir d&scxxb^d 
afeow. 'Tiie final voiuss ms appro: . 300 mi, while the pH 
adjtisted to i>H 6. 0. She protease was elxited from the hacitradin 
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columfis (aeBtioned above) using a lo Tris buffer (»h 7.9) 
c<sr5taiTjiT5g 2.7 M NaCl and %8% isoprcpanol, 

after aialysis of bacitracin-purif led or concentrate^ 
lirptease material farther purlfiqatioB vvas accoxuplished fcy 
5 application ors a iSH-trxs^cryl ion ©xch^tna® polumn {5 c^s. aiam 
* 15 «guilibrafced with 0. 03M^odi«si pfeqs|?hate pH 6.0) using 
a £lou rat® of SOO ml/i^, the proteasa was eluted from the 
colmisii witfe a linear gradient frm 0 tp 0.3 m ustCi {2 * 508 jsl) 
±n mB phoBm&tB buffer. Fractions cqijtaining protsass activity 
10 w«r« pooled an<i stored at -ZQ'u in thfe frss^nce cf baff^r sslts 
after fr^ese -drying. 

OLXGomjeLEgTing gvjgw^Tfi 

All a^isjnstch primers weris^ Bftxth&Bi^m on m Appli^^ 
15 Biosyste^s 380 A DNi^ sy^itbssxssr 3im purified fey poiyacrfl~ 
amide gel ©iectrophorfe^is: (PAGE) , 

Th& proteolytic activity: of th& smtant enzynBs, was 
30 a&sayed in order to d^sters-ine how xar the catalytic actimty 
Of tbs erisysae w^fe retsinad. The deter!^>inationj?; w^sre perforjRed 
isy: thsi dijsethyi casein (DMej jsethod described in NOVO Public- 
ation 22Q-9b C<3r later sgditions) , available frosi 
Hdvo-JiEoj-disk a/S;, Bagsvssrd, Denmrk., which publication is 
25 harefey irjcludad by referersoe. 

Test cloths {2.2c:5s x S.^cm), appromat^ly 0.1 g) ^ere 
30 prodiittea by passing destzed cottors (100% cottora, m cloth 
tterotigh the vessel in a Katbi.s Washing a^d Drying Unit type TH 
(Werner Matbis AG, Suj^ich, Switseriand) containing grass juice. ' 

Finally tbe claih was dried in si strong air stream at 
rooa tej^>perature, stored at room temperature for 3 w&&Mf>, and 
35 subssguentiy kept at -^18=" C prior to use. 

IVll tests v^ere pssrforjsed In a iuodel siinivsrash system. 
In this systes^ 6 test cloths are vjashed in a i§0 Ttil boaker 
contairdng 50 ml of detergent solution. The bealcers are kept 
in a thermostat water bath at 30" C with jsagnetic stlrrii^g* 
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detergent: fehe foXlovii^a starj<3ard ligaid <3sterfent 

was used 5 
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The |>sirc^TJtages given asr© t^he jjarcentag:©: of aeti^re 

cpBtanfe » 

pH Va^s s4jttstea vitii 1 K HaOK to ©,14, The wat&r tased 
20 cia> 6* M (dermatn HaMnessj ,^ 

Teists ver^ p©rf0rB0«3 at. en:g;^?35© coT3cenfcrat;ions oS% 0, 
1,0 isg en^yise proteift/1 and 1G < 0 isg erisyKiS protein/ 1, and two 
lndep«!r}d«nt sets of tests; vstre perforKied for each of the 
^istant:^:. ^The results shown in thm tQllowing axs means af these 
25 te^ts. 

The washings were performed for 60 Si^intiteSf and 
sulsseguent to the washing the elothS were flu;sh^d in running 
tap"water for 25 mixMxtBs in a backet. 

The cloths were, then air "dried overnight (protsoted 
30 against daylight) and the re^-nission, R,, determined on an 
EI^EFHO 2000 photOBietar frosi Datacoior S.A. t Dietifikon, 
Switsierland at 460 xm^ 

ASi a :measiire of the wash performance tiiffereHtial 
aremission, delta waa used being eaual to the r^jnission afte^r 
35 i«?a^h ^ith sshayme added minus the reMsisiOB after wash w^ith jso 
engysse added » 
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The wash perforiearjcs of various mutants vas testecS 
against grass juice staiBsd cotton cloths according to tba 
mthoS described above. 

2.0 g/1 of a coKjsOTiai US liquid detergent was iaeea. 
S Th& detergent was dissolved in a .0,005 K ethanola- 

mine ^suffer In ioa- exchanged wster. pH wss adjusted to pH s.o, 
P,0, 10.0: and 11, d respectiveiy with: HaOe/l-ieix 

Th& tejsper&ture kejjt at 3Q" C isothermic for lo 

W 'X?be mtants wfers dossd at G,as m mzm® protsin/1 

each, 

Washing tests using the mtsitamt cosjpQsitlons 
is; sKesspiified in tlie dst^rg^ht exaisples belov werB ^gs^rforiseS in 
a mini, vfasher wtiXisl^^g cotton Issssd tesst <slotJjs ooHtaining 
pigments, fat, arjd protein (casein) < The conditions 5?ere:j 
a) 2 g/1 detergent D3 i^^ S^fE (French hardnes^) ^aitsr at 

pH 8x3, or 

22 :b) S g/1 detergent l52 in 15" fR water at pE 10. 

Mtm rinsing and drying reflection at 46S nia %?ss 

&®asu.redx 

The iisprovement xsocQr was calculated iro;\i a dpse~re- 
sponse curve, aM: relates to the a^rsount of en^y^e neeaed for 
25 obt^ainirtg a given delta k val^e in eomparison to the i^ixa type 
eTiZ» in qtjsstxon (sooo aha eooo) , feeahing that an iRvpro^esient 
factor of 2 irid.icate$: th^t only liaif the aiuount of enzyise is 
?i©eded to oJatain the sarae delta H Vallate. 

Thf results of th&^m tests are ^hmn in TablB III 

30 ajbo'Ve, 

S5£|5®riir.ental tests of lipase stability were carried 
o^t for e5£^i%le tisisig the following materials t 

3S 

i Wsa P§:^oioaM™.cegacia lipase incabated in 

wash liquor of each of two typaS:, o and W (described below).. 
Mig^ots WBre takan at lnter\rals and tested for lipase 
activity , Paralisl incubatione were carrlesd out without 
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protease or with protease of various types as noted below, to 
test, the effect of ■the protease ot> the retent.i.on of lipase 
activity- Wlld^-type proteases wors tested at :20 GD/ml, wutated 
proteases were tested at o . S . microgram/al 

S 

}k d0t>0t^^nt p&^A^T acfearding to ®n awfepiSiintot of the 
ij>wntion cpntaiBing phosphate Guilder is form^lsjtad to 
contain; total stdtivs det&rgerit. afooiit 16%, ajiionic d^ter^ent 
afoout nonionic determent abo\it 6%, phosphate-^edntaijiing 

IS build-er about 20%, acrylic or equl^alant pQlymer alsout 3»S%, 
(alt©r?riatlvely down to about 2%) , perborate bleach prectitsor 
about alternatively about 15-20%, amino-contaimng 

bleach activator abotit 2%, silicate or other structurant about 
3,5%, alternatively up to abo\it S%, ersg-ym© of aboiit 8 glycine 

'2"Q tnits/sig activity, with alkali to adjust to desired pH in ase, 
and neutral inorganic saitj, and; en'Sytnes (about O.S% each 

Xhe anionic detergent is a siixt«re o£ sodiuxR dos^e-^ 
cyi -benzene aulphonate, altig^rnativ-^eiF spdium linsar alkylrbert- 

2S z&n^-^axxXph^ti&tB , S%, arssS: ptx'^&W alXyl sulphate The 
nojiioxiic detergent is an ethoKylate pf an apprpK. GiS-diS 
prijaary aicohol with ? ethdxyl^te residae^ per mcie* The 
pbosptoafce fouilder is aodipjs tripolyplsosphate , The poiyi?ter is 
poiyacrylio acid\, aitemativ^aly ^cjrylie/malelc cbpblyia^^^^ The 

30 perborate bl^^ach prec'uxsqr is sodiusi tfefcraborate tetrahydrat^ 
or Bonbhydrate , :Th@ activator i® tetra-adetyi^ethylfene-sii 
l?he struct«rant is sod^uss eiiicate. Tfeie neutral inorgarsic salt 
is sdditim stslphate. 

■i'ha enzymes co^^jrise: i^rfcitaase ^ecordlh<3 to Hutarit 

35 SOai, aiternatii?ely protease SQ03, S005, COOl, C002, 

C0C>3 , , C005f COOS , S01S> SS17 , §226^ 8223? S224 f pv 



Determent oia; 
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h detsrgenfe powder aesording to an efefooSiisent of the 
invention contalaiRg pho^pKats buil%r is fommate^ to 
contain J tot^l as^tlva asteargont afopist IS*, anionic ?S^t©rgent 
about 7%, nQcionic detergsnt abost 6%, fibosphat^«-eonta.inlfi^ 
5 taildar about 2B%:, a^jrylie oar equivalent polyrser about 

perborate bleach precursor about 10%, aisino-coT^taining tolsa&h 
activator about 3%, silicate or otlier structiiraBt afcout 6f , 
protaase ensyjsa of abo-ui s gij^cin^ tihits/jsg grade, with allcaii 
to adjust to desired pB in use, ^nS aeutr&l inorganic aalt, siid 

10 enKYises (about 0,5% ^^ach mizymBj . 

Tfte anionic detergent is soditm lii^ar alkyl-bense-^ 
ne-ssislphonate. The nonionic detergent is an etiioxylate of an 
approx, C13-C15 primary alcohol with, 7 ethoxylata residues per 
moife or a saiKture ot tMe with tbe corresponding alcohoi 

IS ethoKyiatad to the e^t^ant of 3 residues per K^ole. The 
plioepimtfe :j3ui;lder is sodius tripoly phosphate. Tim perborate or 
peraoia: felaach preG^rsor is sodium tetraborate tetrahydrat® . 
TJje activator 4s t0tra-adetyl-etbylOT-4i The struct:arant 

Is sodim mlicste, Tm neutral inorganip salt: is sodium 

2B sulphate, Th^ ea^ysses ssdjnprise^ protease accordi«g to Mutant 
S801> alterrjatiyaiy BOm, 3X304, som, eool, mm, C003, CG04, 
cms, CdOSr: SPXS, B021f SZS^, 

tjetergent D2 ; 

3^ A detergent powder according to an e^mbodirsent of the 

invention contairsing seolite fc-uilder is forsuilat^d to eontaxn: 
total active detergent about 16% ^ anipaic deterigent about 9%, 
nonionic detergent about 6%, jseolite-odntaihih^ builder about 
20%, acrylic or equivalent polymer about 3iS%, perborate Meafcb 

30 precursor about e-lSt, aTsinO'-containiug bleach activator about 
2%, silicate or other structui-ant about 3.5%, alternatively 
down to about 3,5%, ensyBe of about g (altsrnatively abc^t 15) 
glycine units/iag grade, with alkali to adjust to desired pH in 
use, and neutral ihorganic salt, and enay©es (about 0.5% feach 

35 enayme) . 

Tbe anionic detergent is a s^iixtura of sodium dode- 
cyl-bensene suiphonate;, sslternatively sodius? linear alkyi-ben- 
i^ene^salphdnatB, 6% and primary alkyl sulphate 3% , The nonionic 
detergent is an etboxyiate of an approx, C13-CIS prijTsary 
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alcohol with 7 stboxylat© r^sidxies per mole. The Jisolite ■ 
fouildsr is type A 2;aolit:e. poiyss^r is poly acrylic acid. The 
perborate bieacfe precursoar is sodiujs tetraborate tetra.hydrats 
or monobydrate. The activator, -is tetraacetyl-ethylenediasine. 
5 The strucrturant is sodium siiicat®:» neutral inorganic ^ait 
i8 gsoSi^is sulphatife, Th& <^nzfmB& comprise |5rot.®a^«i accordiBg 
to Mutant SOOX, alternativelj 3003, SOa^, SOdS, CQQX, 
QOQSf 0004, e00:5, COOS^r SOIB, S017, BQ21, 

10 Detergent 

i& detergent ponder according to an esiteodimant of the 
in:vention containing iseolifce bmldsr lormulat^d to contain; 
total Motive detergent afomjt 14% * an ioiiio detergent abowt 7%, 
nonionip detergent about ?%, geolite^-captaining Jjuilde?" abo5it 

15 25:%, acrylic or egssivalent poly-aer aboist 3%, perborate or 
peracid bisach precursor a&odt 10%? asiino-containing bleach 
activator about 2%, silicate or other structi-jrant about CKS%, 
©Bzyi^^e of about 6 glycine units/mg grade, with alkali to adjust 
to desired pH in use, i^rjd neutral inorganic salt > and ensyine-s 

20 (:afco«t 0>S% each enzysse) . 

The anionic detergent is sodium lihsar alKyl->»benze" 
ne~sulphonate, the nonionio detergent- is a suixture of ethoxyla- 
tes of an approx. C13~C15 primary; alcohol with 7 and 3 
ethoxyiate residtseis respactiveiy per i?ioie» ^The 2;aolit© bttilder 

as ie type A seolite, TJse poiyiaer is an; acr^iJ.c/^>aleic copoly- 
saer, ^The perborate bleaob preciarsor is sodiuta tetraborate 
mdivohydsrate . The activator is tetrs"3aetyl~ethylene--diamto 
!l?he eferact^rant is soditim silicate* neutral iBorf^nic salt 
is ^odius! euiphate, The eT3«yises comprise protease acoordi^ 

30 to Mutaht SpOl, altetn^ti'^ely S003> S004, CQOl^ COOa, 

C0G3> €004, C0Q5, COO&jf SG15, 8017, S021, 8226. 

Detergent D3i 

Jin aigdeoMS detergent ligxjxd according to an seafood i- 
35 ment of the invention is formulated to contain: Dodecylbensene- 
~sulpho;nic acid C12~C15 linear alcohol condensed with 7 

Bol/mol >3thyle»e oxide ■jionoethanolamine 2%,, citric acid 

63%, sodiui! KYlenesuiphonate 6%f sodiuTs hydroxide afootit 4,1%, 
protease o.5%:, minors and water to 100%:- IMie pB is adjusted to 
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to; mtmt SQ2G> aii;0rhativ«iY bow, mi2, mm, sopi, aoos, 

§005:, SOIS, S0X7, SSSl, S022, 8025, SOSS, ig24. 
S22S, 8226 or S235- 

S 

Qm&xq&xit D4: 

A ftonjsqueous detergent liquid according to 
eiRbodirsent of the invention is fbrmiisted tising 38^5% ci3~C15 
linear primary alcohol al3coxyla« with 4,9 ^qI/moI Bthjlm^ 

10 oxiSe and 2.? ssol/jsol propylene oxide, S% triacetiii, 30% sodltsm 
triphosphate, 4% soda ash, 15.5% sodium perbarate ffionohydtate 
coTjtaining a j^irjor proportion of oxoborate, 4% taed, o,25% edta 
of which 0.1% as phosphoric acid, Asrosil 0,6%, SCKC i%, and 
0.6% protease. The pH is adjusted to a value between 9 and lo, 

IS e^g. about 9.8,, The ensy^ne cosiprises protease according to 
Matatit SOQl;^ Alternatively S003 or S004, S021, S03S, S201, 
B^Mt or S^3^5, 

Detergeat DS;: 

^ detergent pbwder acdoraing to an ejnbodisieBt of tJie 
invent i,piit Is formulated Itv the f orss of a gtantilate having a 
hnl'k density of at l^ast 600 g/1, containing about 2G% by 
weight i^tjr?actant of whidh about xo% is sodiuss dodecyXbengeine 
sulphonats J attd tiie remainder a imisiEture of Synperpnie A7 and 

25: Synperonic A3 (about S« S% to 4.5%) , and z&xro fteutral inorganio 
salt (e.g. sodiurs swlphate) , plus phospSt^ts; bi^ild^r about 33%, 
sqdims perborate tetrabydrate about Xf%, mED actiwtor aiaoxat 
4,5%, sodium silicate about 6%, and jsinor^ inclitding sodium 
carbonate about 2%, and ssoisture content ab<?ut 10%. mzfm@& 

30 (aboi^t O.S% each en£=y355e) are included. The en^ysie eossprises 
protease according t© Mutant SOOX, alternatively S003, S&m , 

som, cool, cam, mm, coo4, eoos, cooa, a223, S224, sms, 

S226 or S235, 

3^ D&tergent BS; 

A detergent pov^Str accprding to an embodiment of the 
invention: is fcjrmiated In th^ fmm of a granulate having a 
bplk density of at least 600 alternatively about 550 g/l, 

dontaibing about 20%:, alternativeiy &<syrh to about X6|, bv 



WiSigfcit s-«rfactsnt of whic^i. afoswt S%, alternatively about 7%, 
is sodium do<Jecylbsnae»^^ sulpbonate, alternatively sodium 
linear alkyl toenE-ene suiphonate, and tbe remainder is a mixture 
of Synperonic A? and Synpsronlc &3 .(-or similar ethoxylates) 
5 (respectively afoout 5% & €%.< alternatively aboufc 4% and 7%) ^ 
z&TO rieutr^l inorgarjic salt . g , sodium si5l|5bat.ss ) ^ plus 
z^olit^ baiid^t afoout 3Q%, ^.XterTjatively about 25% ^ sdaiua$ 
psriDorate t<stra;hydr®te, alternafclvaiy ®<snofeySr$tef ^bmit 14% 
or 15%, a?AED a<itiv-stor about 3.6%^ and minors Inclu^Sing sodium 

10 carbonate afoout or upi to 15%? Peguest*® 204? abo«t an«S 
B©l:sturfe content abdUt 10%* Enseyise^ (afoout O, S% eacb sn«ym®,, 
or about 0,2% lipase and afoout protea^sie) are includ^S> 

Thfe enzyme comprises pr-otease according to Mutant SOOl, 
alternatively sa03> SQ04^ SpOS, mm, c:002;> €003 , 0004, COOS, 

15 eOOS^ S223^ Sa24, S22^, or sa3S, 

&6t^r9^Bnt D6a ; 

A detergent po^vder accorciing to an eabodiment of the. 
invention is formulated in the form of a granulate having a 

2S feulli density of at least SOO g/l, containing aboi;t 15% by 
weigbt surfactant of which afoout 7% is sodium linear alkyl 
bensene sulpfoonate, 2% primary alcohol sulphate, ajid ths 
remainder ^ynperdnic A7 or sissilar ethoKylata, and ^ero neutral 
inorganic sslt (^ \9'« sodium s^iphate) , pins sieolits builder 

2S atoout 22% > sodium perfedrate t^trahydrate aisout $AED 
activator abo^t 7%^ and minors iiieiUding sodiuis carfoonate about 
15% f Degu^st^ 2047 about 0,7%, and moisture content about 10%. 
Bftsymes (about l.S%) include ptdtease j^ alternative- 
ly S003, aQ04, SOOS, COOlj C002^ C0O3, C065, eOQa, 8223, 

30 saa4if saas^ saas or sass, 

D^ter^ent D? j 

detergent poisder according to an ©mbodim^nt of the 
invention is forBUlated to contain; Dpdecylb^nzenesulphonic 
35 acid 6%, C12-CX5 linear aicoboi condensed with 7 moX/siol 
ethylen© oxide 5%, fatty acid soap 3%^ Sokolan® CPS polymer 3%, 
aeolite A 22%, sodinis carbonate- 10%, sodium sulphate 1?%, clay 
particles 8%, sodium perborate tatrahydrate 13 tetraace- 
tyi-ethylenediamitt© 2%, protsase 0.5%^ minors and water to 
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100%, Tha pH is adjwtsd to a 'M^alue Jbetwesn. 9 and i.o. The 
Bmm^ costprises protease Muta^tt smi, alternatively SO 03, 
S0©4, SOOS, CGOI, C003, CQO^, COOS, COOs/ Sgi^! 

s 

Detergent DS: 

a det^3rg^nt (soap) bar according to m embodiment of 
the invent ion is fonsulated follows j soap bas^d on passs- 
ponif ied S2% tallow, ia% eaconut dil, nautr^Iis^d with 0,1S% 
srthopbosphoric acid, mxed witJi protease {about 8 s^/js^ of the 
bar CDSiposition) and mixed vith sodinjR fo«t«^ 2%, borax 2%, 
propylene glycol 2% and sodium sulphate i%, is tben plodded on 
a soap production li^e. The ^nsyr^e comprise© Mutant S091. 
alternatively S003, soo4, sioos, COOl, C.002, C003, C004, qoos! 
IS CGOa, Smi, goSS, B2Q1, §202, BZ2$, S2M, S226 or 

5235. 
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Structiared liguid detergents cm for sxawple contain, 
iti additiors to a protease as described ll^rein, 2~-iS% noniosic 
surfactant, 5»4P% tot^i sui^f acisant , cqTaprisi^g mmiorxie> and 
optionally anionic surfactant, S^is% S)bdspMt^-contaiai»g osr 
non-£?hqspfeate containing buil^e^sr , o;< 2~c>:. 8% polymeric tfexckensr , 

25 e.g, ctoss-linked aorylio polymer wlth m,^, over 106, .at least 
10% ^odiuTs silioate, e,g, aa n»ral waterglass, alteali (^.g. 
potassiuT^-^aantaining alkali) to adjust to desired pH, preferab- 
ly xn the range or t^pwards, e.g. above pH M, witb a ratio 
sodiua catiojii siUcato anion (as tree silica) {by weigfet) less 

30 ttoan and viscosity of o,3~30 Pas (at 20^c and 20s-x|. 

suitable exasnples contain about 5% nonionio surfac- 
tant C13-~15 alcohol aikoxylated ^ith about 5 m groups per Mole 
ana with about 2.7 PO groups per j^ole, 15^23% neutral vater- 
glass with 3,5 weight ratio between silica and sodium oxide, 

35 13~ia% KOH, SfPP, godii^m oarfoonate. 0,5% Carbopol^ 

941. 

i*rotea^fe (e,g, 0,5%) includes Mutant SQOl, altsrna- 
tiyely S021, SQ35:, S201, S202, S2a3, S224, £225, S22& or 
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A structured* viscous, aqueous liqaid detergent 
suitable for l^usOry use is formlafeed as follows {% by 



.,S weight)) 



citric acid 2.5 
Borax C.10a<3>- A. 
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©lycerol S 

sulphon&te, or C14-*XS primary 

alcohol sisiph^t-^ 6*5 

Synperonic A3 

3iS Syuparonie A!? 

Zaoilte; 20; 

Protease 0.5 

ABsyia^e (Sexrjaasiyl 300L-DK} 0-2 

20 miners an*^ water to ioo% 

The pH cars be ad:juSfted to a value between 9 and 10. 

Tba ensyme comprises protease Mutant S020< alternatively SGI9, 

S012, S004, SOOl, S003> SOaS, SD3S, £201, S223, 
23 £225.., S226 or S23S. 



An isat-rojJie atjueous liquid detergent suitable for 
laundry us^ is fortnulated plb follows (% by wigbt) ? 



TO 9 1/0S345 PO7DK«/0OI 64 

61 

Citric acid 2 

Boric acid l 

MaOH 3 

KOH 4,5 

5 Glycerol %q 
Ethanol ' 
Mon ionic surfactant 
(C12-alcobc-l 6,5 BO 
ethoxyiate groups/moi ) 

2<S or sodium primry al«Q|ioi suiphst.^ 10 
. Oleic acid 

CocojTOt oil (C12) so^p IX 
Protease 

minosrs and water t-o 100% 

15 

TJie pH can te a;dji listed tO: a value between 9 and 10. 
Thgi sKBysse aomptiBm^ protease Hutant $020, ait^rrsatixrely sOiS ;, 

S0X2, mo^, mm, sooa, soos, sosx, sms, soss, saoi, 

S224^ S22$^ Cir SS3S, 

DiStergent DX2 

An aiijweous liquid dete:rgent oossppsitiori is fofmulat^a 
to cGptaini 

sodiujR alkyi-toenssene-suiphojrictte 14> 5 

SS eig sodium s&ap 2 

Kon ionic determent CC12-I5 6EQ) 9 

Fatty acid (oleic acid) 4,5 

sodiuia alk€snyl sucqiimte 11 

pror^anediol. 1 . 5 

30 ethanol 3 , $ 

sodiuiTS citrate 3 , ,5, 

Compiexing agejit e.g. i3eg\s<est 2060 0,7 

Protease 0 , 5 

*U5vylase q ^ l 

lainors axid water tst lODl 

a?he pH caa be adjueted to a value between 9 aBd |,0. 
Tlx® ^?)K3ma comprises protease MiitaTst S020, alternatively BOlB, 



S012, S0Q4, SOOl, S003, SDOS, S02i, SOgS, S03S, S2Q1, S202, 
S223j. S224, B225, £226 or S235. 

Detergent D13 

5 An agu^oijs iisjuid detergent, comppsitips is f«3rmiilafe«S 

tcs contain: 
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Son ionic detergent 6»SE0 


is 


Oleic diethylaiside 


10 


Fatt^ acid (CIS/ CIS 75; 35) 


3.a 


isodiusi citrate 




trietiiarsolamine 


s 




7 


athanol 






0,5 








to 3,00% 



go Th©. pH can adjusted to a value between 9 and 10, 

The^nayiss co;Tr.prises proteiase Kutant SD20,. alte:rnati\''«sly SOIS, 
SO 12, S004, SOOl, SO 03, SO©S, S02I, S025, 6035, S.201., 
$223, S224, S225, S226 or S23p. 



2S Det©r^«!T5t 014 

h oon-^axpiepus liquid detergent co^ppsitiqri is 
fojTMulated to contain (% weight) ; 



I4.guid nonionio detsjrgfent (ClQ-iz, 6,2E0) 41% 
•triaoslsir! 5 
Xi-nsar aiJiylbeRgenastilpMonic acid 6 

S Sodiiiia earbonat-s toildi©.r/ba&« Ig 

bleach activstpr TAED 

hlBtxch precvsrsor perSorate Sionbhydrate 10,5 

partiy-ljydr©phpbic silica 2 

10 protease 0„4 

lipase (Lipoiase®) 3 
ir.inors or additional 

liquid i>pMonic surfactant (no water) to 100% 

In tQzmil&txnq this coinposition, the liquid T5onionio 
surrfactcLnfe and triacetip are added first, foXlovsd by the 
magrsesxuK oxids, thep tbe ofeber In^i-edients except eiftavKse, Thm 
jsisfture is felXlied in a colloid milX and copied, and finally ths 
an?;y?ss(s) apd any cthes:: heat-smsitiw mino^ ^dded* 
20 The spx;jfiaa coinprises pt:poteai^e M^atant S02b > alterna- 

tively SQlSv S0X2> gp04> $SQX, SOOS^ mzi, 0025^ SCt3S^ 

S201^: S223> S224, S2aS, ^2t6 or S23 5. 



Also uisable are arsy one of the detsirg^nt formaiations 
35 de^sciribed ^Pd exejhplifisd in EP 0 342 177, 

Also usctbXe are i&&%&^gB^ixt: formulafciops esceTspiified ip 
EPO 34 2 177, in conliinet ion with mutants as for detetrg^lat. ©3. 

30 

GEHERATION OF SITS"SPEeTFICJTO^^?K)¥S 

Site specific mutations were performed by the metXiod 
35 Of Moririaga et al, (Biot-achnology , supra ) . The .following 
61.igPhucl^otides were used for introducing the ssutatioriS ; 
^) glY 195 Glu fai&SE iSDOmt 

a 27-jfter misisatoh pximsr^ J^or-237^ t^fliicfe also ge- 
nerates a npvel Sac I restriction sitej 
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SacI 



k a5-~mer aismatcjh priss«rf Hor~5?7^ which destroys a 

c) ^is, 1^0. k^, ■{)ii2pi:) ) ; 

A 33"^?^^ msmatibh pritesir^ j«or™73$j which {S-festroys a 
Bpfil site I 

20 A 32^mei- mismatch giristar, Kojr'~7:36, wliich genea^ates a 

Xhol sit^E 

Lys 235 Le:u. fK235L fS015) ) ; 
a J>st;l sites 



Ar« 170 Tyri GIv 195 <Sltl fR17pY?gl9gE (S004)ll 

A qopfcinatipn of Hpr-^57? an<l ?fcfr~23? was iserformed ii? 
25 aftstlisgY wtt:h the afeo^fS. 



6.5 

A coKjbiBation of ^?or-»237 aaft Ji«5r~-736 was perforjtied in 
ax^aiogy with the above, 

analogy v?ith tim, above, 

A combination of Hor~S77, H*jr-^237, and 
perfor-iaed in a»aiogy witte th@ abov*^. 

j) SiXJJ5_MiIl....JdVs,.^^ 

A cojsfoination of Nor-2 3 7 ana Nor-S5:§ was perfpwd 
aiialocfy with the abo\='s. 



>i) i te . lJO Tvr? Glv 19S (Sllii Ly^ 23 S Leu iXi%t:hv rOlMSmmZmU t 
k C0BbiT)ati6n ot mx-ptl^ Mor~23?, &m Hor-SSS s?as 
ap performed In anaiogi^ i«ri:th th© above, 

analogy with tbe above. 



A c:ojRbination of Jjar-tSS, ^or-SS?^^ ana ffor^SSg •s^as 
psrformsa in arjalogj'- witj). th© above, 

30 

A coKibination of !for-735, Mor-S??, Sor:-237, and Hdr~ 
856 ^v/as perforsse^ ii^ analogy wit^ the above. 

35 

l51-.SM-JiiIMail3;?o.l.?cigSE;K2 3 5I^? KgBrPLX£g2ilLl 

^ poSBbination of Nor~?3Sf Mor~577 , Kor~237; Hor~g56, 
and Kor-736 was periorised in analogy with tlie above. 
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Gappe^cl dupiig>£ mufeagenasis was perforaied using the 
plasiBids pSX93f pSXllS, an^ pS3£3,2Q: as t^Bplates. 

S psX93 is shown in Figufe 3 anS is |^UC13 (Vieiraf J. 

and Messing^ J.t 1982^ QBTim X9i 2.59-268) toribourxTsg an 0»7 Kb 
Xi3aX~EiK<2:I3:X fragment; of the stibtiilsin gen© inGl^Sixig th® 
terminator inserted in the polyl inker. 

tor the ijstroductioTi of is\jtat.i«3n^ in tlx0 jE?-ten«i«al 

10 part of tll« t^e plas^^^^ was xjseS, pSXil9 is plJei,3 

harbouring an EeoBl'^Xbal fragisi^nt: 6£ tha sa&tiiisin 3«9 gene 
inserted into the pQiylinker , The teisplatas ^jSX 93 ahd pexai^^^^ 
thu# etov^r the w^ola of tbe sijfotilisin 309 .gene. 

j>lasmia: |>SXi2p is k |slasBid where tbe Hpal-HindlXI 

13 fragsii^nt with the stibtilisin .309 geae from pSXSS is inserted 
into EcpKy-Eijiaili on pDH 1681, in a way wh?>r€5by the protease 
gene Is expressed hv the amy M and aifriv Q proKotors, pDI5 1681 
is obtained froB pDN 1380 {Diderichsen, B. and Christiansen, 
L« ; 1988, FEMS Microbiology Latfcers 56s 53-60) with an inser"- 

%& ted 2<85 bp CXal fragment from B,»_aBylollqaef sciens carrYing 
the a-my Q gene ^s-ith pro3y,otor CTak:kine)T et ai < ; 1983, J. Eial. 
Chem. 258 J lOQ7ff.). The corsstrnction qf pSXiao is outlined in 
Fig. 1^ showing that pBNiesi is ctait witb and 
pS3£S8 with Hindlll and Hpal^ wbereaffeer ligsition tesnlts in 

as pSK120 regulstted hf tho ais!!- H a«d amy Q proiBotors, 

Four fu2?ther plasisMs pSXlTO^ pS3?3.72^ pSXi73, Bfid 
pSX186 wte constructed for gapped dupieix xa«tagenesie csf tfee 
subtil isin ZQ^ g&p^t 

«P$X17Sj Sphl-Kpnl, 700 bp frojs pSXlSO inserted into pVC IS 
36 ^phi«Kj5in:I , frons min^ ^oid residue 17 Q in mature 

sufetili^in; 309; to terminator, 
-pSXltaj EooRI-SphI, iSSO bp from pSXMO inserted into pOC 19 

EcoBi>$phl, from the proBoter to aMho a^sid residua 

170 in ssature sxjbtilisir! 30^3. 
35 '~pSX173; like pSX170, but with G195B. 

-PSX186; FvuXI'-BgoRI, 415 hp from pSX120 inserted into pGC IS 

HincX'-EcoSI, from aminG acid residue IS to amino acid 

residue 206 in mature subtil is in 309. 



Figu^i® 2 sftows a sojsetwMat detailM restrlctioH aap of 
pSZ%2C- on which it is indicated: %?hiGh f rag»«ints w^re as@sj for 
tm construction of plasnids pSX17p, pSlllZ, pSX173, 
pSXlSiS. 

5 me laatation a) i?^^ p^ffom^d by cQtiinf pS5C93 \sith 

Xcal and Clai as indicate^S Ik Figure 3 and describea the 
section *^Gm m^nm OF ..SITE DiitEgi^p- mrsMnom m ■yns .gai^ ii^^.-.. 
SIH:„;GEHE" ana in unpublished international Patent Application 
J^O.. PCf/0K SS/aOQ02 (NOVO IH!>USTHX h/S) 
i^ Mutations b) , d) and e) were pisrforas^d corresjjonding;^ 

Ij J?y cutting pSX170 fey Sphl and KpnX< 

Mutations f ) and g) wets gerf prised as abovs, tout with 
|>S:>a.73 ±n stead of pSXX70. 

Mutation c) was performed correspondingly by outting 
15 pSXlS6 by l*stl and EcgRI - 

Tfee jsutatioTj;^ h) to o) were: Gonstructsd by combining 
DNA fragm^jsts with singl© or dQi^ble mutations b) to g) using 
the restriotion Biten Hhel, Xbalf eial> AyaJI, and Kpnl as 
apprd|>tiatBi 

Further ssufeants vere prdd^jced using ^Imila^^ jaethods 
or general snetiiods Scx^own from the iiterature, 

ST?BTILISIN CARLSBER g MUTI^NTS 

Far certain: 0s?a?Rpl®B of aiatations in:: subtilisin 

2§ carisbsrg ssentioned in tisisi specification tm folXoi^lng cl^anges 
in t3ie nucleotide seguenee of the gene were introduced; 
Asp 14 hys (D14K (COOl) ) :|:GA1 -> AAG) 
hsp 120 Lvs (DiaOK CC002)) (GAT -> iUm) 

Asp 140 Lys C0140:K- (€003)) (GAC ~> 

:30 Asp 14 Lys -f KBp 12G Lys (DX4F*D120K (C00.4.)) 

Lys 27 Asp (K27D (COOS)) (AAA -> GAT) 
Lys 27 Asp -t- Asp 120 Lys (E27.D4-:DiaDK :(C006) } 
Asp 172 I^S (Dl?aK (C008)) (GAC ~> AAA) 

Mp 14 %s 4- Asp 120 Lys -J- Asp 140 Lys Asp 172 Lys 

3S (DI4Ml2eK^-D140KWl72K (£010)) 

¥al 51 Asp (miD (CIOO) ) 

OilX 54 Thr (F54T (ClOI) ) (GSSS ~> ACA) 

Giu 54 ^yr (E54Y (€102) J (GCSG -> TAT) 
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Tliesa Changes ware introduced by changing the corre- 
sponding oligos in the fragmsnts Concerned, T!se correctness of 
the new sequences was conf irjaed aftsr wliich -the original oligos 
were replaced by th^se neM sequences and asse:^ible£i into DMA 
5 fx'agBents, i'xniall:^ the. fragments were re-asss^sblsd J«to the new 
sufetilisin Carlsfcerg gene. 



S«bse<pient to :s^qtt^nce ponfxrjsiation of the correct 
iO mutatiori th^ lautatad DJJIi. fragisjents were irisert®^ ir$t;p pisssiid 
PSX9S. or pBXlWf which were used fer prcducihg the ^aut^ntsi 

Masmid g$XSf2 is sho'SsS) in Figure 4 and w^s produced 
by cloning the Sub 309 geile into plasmid pSX63 cut at QlaX, 
filled in v?ifch the Klenbw fragsKent of BNi^ polyiserase I an4 cut 
15 ■with HindXXX prior to the insertion of the fragsierits Dral-J^hei: 
and Sh&I-^Mrjfaxi I from the elQBsd Snb 309 gene, 

To express tJie ssutants the riutated fragments (Khal> 
Clal, Xbal-Hiiidlll, or EcoRI-Xhal) were excised froi?5 the 
appropriate Ji^atation plasTsid pSX93, pSX119, pSKlJO, pS5Sl?2, 
2:0: pSX173:f and pSXlSS, respectively, and iiiserted Into pSXsa,, or 
pSX120 to obtain jjlasaiids capable of expressing tbe varidus 

ThB mutated |>SXS2 or pSX12;D were then used to trans- 

25 The transformed cells were then spread oh liB agar 

piates ^ith 10 HM pbpsphate, pH 7, 6^i:g/x»l chloramphsnlcol ^ and 
0«2% xyipse to induce the xyis^protsoter in the plasmid* Th.® 
piates aXsis contained 1% ^M^iM mIXIc, so the protease; producing 
trans formante could be detected by the clear balo where the 

3S ikiisi jfeilk had h&^n degraded. 

After appropriate grovth the mutated enzymes were 
r^cover^d ahd purified* 

3S In order to^ produce: protease enssyme cn the tasis of 

th® aicroorganissis carrying jnutant genss for BPN* as described 
abovSf a Rushtors-type Chesioferm fermenter vas generally -used 
with an ©igbt fiat blade iKpsller and a ^forking volume of S 



S3 

XitrMm, TixB t&rmmitmr oonfig-arafcifla vas prepared cprsfisrs? to 
m» safety r^guiatlofts for ana eonsistea o«j 
a) k pressure eontroller (t^fpe 4-3X82^ Bell S Howell | 

cutt^lrtg off air sapgly above p.i bar QTOX'gjrfess^re. 
5 This is dotte to present cloggeia e5£lsa«st air filters. 

^ f oam tmp on th-s gas oufcist. ma4e f rojs a M 1 sutst-ion 
vesssl isaying anti-fdaxs an the feo^it^om, 
^ cooiirsg i6i?at©r ^acfe^t: without seals irs orfier to 
prevent sontaisiuation of th^ ooolin<^ n^atei- or tax>- 
3.0 watar drairi. 

d) An abBolijtis exhaust filter is .^sed (SelTs&n aoro SO, 

e) Saimpling via a sampling puvmp device miMi & s&all 
interaal volume, 

Conttois! 

Sas flows wfere csentr oiled usirsg Bass- flow aetets 
(Brooks, type 58 Sly rang® ^-lO 1). 

pH; was contSTollM using a Hasrtmann 4Tid Braars trans- 
20 mtt^r and a miips contrpller (Witrcasat) . eonoeptratea NaOH 
(3M) was used as a neutral i2;er, 

Sxhaiist gases wer^ analygeia ttsipg a. tinpr 4H f eo2) and 
p5£i;gor ?H <02) fro3Tt Haiisak, Westingiiduse. Oxygsn tension in 
the jsediujs was cE^terroxnea u^ipg ap in<iisstrial polarographie 
as stferiliKabie ossygen probe (Ingola type 3227S67G2) * 

The 3sedi\5m temperature isopxtared using a FTIOO 

sensor and a HoTieyweii temperature co«trollBr (class 84) , 
Foaming va.s kept at an acceptable Xevsl using a coBtact 
electrode^ while a level switch activatsd an anti-foaia dosage 

All external controls were put under the control of 
a li-swlett £>ackard BiorocojBputar . 

Cultivation conditions 
35 The iRocuia were prepared by incubating a shake flasJc 

culture at 30'C for 16h at 250 rpm in a rotary shaker (LK 
fementatioh, type mKjc) , 300 ml inoculum was used for 81^ msaius; 
being conditioned at tfee actual fermentation conditions; (pH 
7*0, Sfi'C, air mow 3.5 l/mn, stirrer 1000-1500 rpK) , 
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Dissolved oxygen coiic«sntrat.ion was kept 25% above air satura~ 
•tion. AriXi foaSilng agenfc t5se<3 was a silicon oil based mste- 
riai {Ehodorsii -S4£6j- Biione Pouienc) » 

5 Product ioti of siibtiXisin p3fipt:ease 

ggfefellAg. ©BIOS sti7^iji containing the ^sutant geije sieiscrij3e4 
isr3«3^r g©ne const rtJCtioTi* The ouXture 3ge4iUJ« consist:© of j 8 g/1 
KH4€l j 4 g/X KH2F04 ; 4 q/% K2HP04 ; S g/I MaCl; 1 ^/i 
iO MgS04.2ESd? 10 g/l yeast «5Stract? 40 g/1 siicrosejj pB 7vS and 
sterilised 45 Jain at 120' G, ^%.ft<er steriiiaation 25 mg/1 

stopped after 20 « 30 hours* Ttte isedia v?ere glsiared frcsm c^Ils 
toy oantrifugfation. 

15 

FEOI'EOLITIC ACTIVITY OF M:fTANT SUBTILISIMS 

The. proteolytic activity of various ^cTiUtants was tested 
against casein as protein isubstrat©; according to tb.® DHC 
Siethpd -supra .- The results are presented iti Ta&le 
.2:0 From the table it is seen that jntJtant (SODS) exhibits 

a sligfetXy enhanced activity coispared to tho parent (SOOOJ 
whereas the r^saaip-ing Btitants? exhibit a slightly decreased 

25 TABLE .IV 

Prcteolytic Activity 0^ iiu t ^. nt sisbti llsxhs 

Mutant Relatiye Activity 



30 



mm (soocj) 


lOO 


so 01 


95 


S003 


90 


S004 


m 


Bm5 


105 




■100 


SOI 2 


80 


SD17 


90 


S019 


70 


SD20 


75 


S024 


70 



wo 
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A; 



The ^^ash perioxm^niiB at variom mit&mB in th& 
standard liquid mmt^&ht of pH S,a4 vas testers in a model 
5 syst«im against grass jiiice according to the. aetJxeds detailed 
su^ra, -me results are presatitM in table V. 



10 



IS 



Mutuant 



:mbie_v 

Delta E values; 
Mm ysje Con cejitr a t i on 





1,0 mg/1 


lOvO 


sooo 


4.0 


10,7 


SOOl 


5, 9 


12 . B 


S003 




13. S 


BOm 


5.8 


I T 


SOI 3 


4*2 


9 . ^ 


S019 


10,5 


19.4 


so2;o 




18*5 



as 



Fross the table it iB Mmti that all of tiie tested 
mutants exhibited Isjprovei 03r equal wash jserformaBce cosspsred 
to the t^lXd typs parent ejis^s.. » vasli jserfori^anc«i of the 
TRUtants QQis and S020 is xTsproved so tJiat 1.0 mg/l of tfeese 
mrzYM&s roughly stated should be able to replace 10. o Sig/l of 
the wild type parent enzysie, thereby indicating a substantial 
x:aprc5vesent in the wash p-erformance for th& laiitant mzy^m &i 
the ixwentipn. 



8: 

The i-esuits frojs tests of so^e of the ansyi-ae variants 
of the inverstio« its tte ssodified costojiercial US liquid deter- 
gejit at various pH valvie^ in a jsodel system are shown in Table 
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10 







Delta R 










8,0 


9.Q 


10x0 


11. 0 


sooo 


10 .02 


1.4 


2,6 


3.1 


10.1 


SOOl 


9,8,6 


2.1 


4,0 


6 . 6 


14 . 0 


soas: 


9.86 


2 .3 


S . 0 


S„I 


14.1 


S004 


9.68 


4,1 


9.7 


11.7 


10.3 


SQ05 


9,71 


2,2 


4,3 


6.3 


13.9 


SO 12 


B.OB 


5 , 7 


11 «0 


13. S 




S019 




6.4 


10.7 






S020 


6.71 


7>8 


10, § 


8.5 


2.4 



The results sJioW cl.sarl)/, 'that, shiftirs^ ttisi. p3: of 4b 
is ajizyme in a ^Jxrectio^^| where it i,;s desired to sliift. the pH 
Dptisaiija f or tiie wsb pisrf oriaanc,©; of tfeiS ®nzyma to approach thfe 
Gf the va^Ji Ixqwor issprpves the wash petrfpranance of tba 



2G Dj 

The wash pierfbraance of various Mutants was tested 
against grass juice stainssd. qottoa cloths a<20pr:diBg to th^ 
method descriteed i5-> Assay A. 

2.0 g/I of a liquid detergent (Detergent D3) was ussd. 
£S Th© det0rge:nt was dissolved in ion-exchaiiged water. pH was 
adjusted to -9,1 with NaoH/HCl. 

The temperature was ksspt at 20' Q isothermic f or 10 

ssin. 

The mstahts was dosed at 0.25; <>.#; l«0; 2.0; 5.0/ and 

30 1G.0 jRg ^ns^e prdteih/1 each* 

#he staljillty of the mtants tsstod was deterEiined by 
measuring th:& dana tijr a tioa t^jap«rature (jEsaxiajm ^xcfess heat 
capassifcy) hj dif f parent ial scanning calGrisietry, DSC« The 
heating ratfe was 0 . s ' e/i&it> , 

3S The statoxlity was tested in a sdiutiori odhtaining 

appro,x. a sjg/skl o:f the mutant in Sl% standard ilfjuid d^t^rcfent, 
the «?05^Position 0f which is desci'ib'^d in Assay A. The solutisn 
was xsaQj© hy mixing loo iil of ensyias soltstion {approx. 20 mg 
^ehgyme/'Sil in a huffer of 0.01 M diiasthylglutaric acid> 0.002 
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CaClg, 0.2 M ansi S~Oxl M NaCl pH 6,5) vith XOOS ul 

standard liquid dete^rgsnt. 

v?i*Mn tJis grpu|3 of Sufetilisin 3 OS siutsnts stability 
results obtained DSC &t& comLstBr-t vith stability results 
ototain«a by tsfaditicsnai storaga stability tasts. 



m& Vasfe perfoarsanc^ of varioiis mutants in liquia 
W detergent is prssefttga in Table VXi. Th^ results ar® sfeown as 
improvement facstors reXsti%?s to tb® viXa tjrpe parent ensyme, 
Th® improyement factor is defined as iirs A^say C, 

Mse showri in fable VII is the (ienaturation tempera- 
ture In stai-idard liquid determent by DSC, and th©. sliff^j-enca 
15 betweeT) the denaturatior- te^spsratur^ of the wild type .patent 
ensyise that of the uj-^tant in question. 



Jauta8.t pi^ 
lated 



X:saproveKient . 
factor 



B 000 

a 020 

2$ B 021 

S 022 

S 023 

B 024 

@ Q2S 

30 s ms 
B 2di 



7.30 

8 . 05 

S.07 
8 . 85: 



7>5 

8.8 

7,0 
l.v4 



Dsnaturation 
tessperatur® 
by SSC 

50,2 
« 2 
Sl.S 
63,5 

72<.S 



Denatura tion 
tesiperatur® 
by BSC rela" 
tive to SOOQ 
0.0 

-7 . 0 
44 . 0 

4-4.2 



From Table ¥ii it. is ^eeji tiiat all of the tested 
smta«ts azoibit issprdwd vasfc pariorisarspe eosjp^ared to the ^srlia 
35 typ© parent enzyme, Tbs beat wash perforsuanca is a<xhi@ym hj 
the mutants ha-^ihg |5X^ e^^gtjal to or just h&loM the pH of the 
^A-ash solijt ion, 

Denaturation tejsp&srature by DSC shows that the 
stability of the single mutants S oai C*36D) mci § 201 (W/pD) 
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is ifitcr^ased toy 4-0'';c sna 4,S*C respectrveiy rslati^/e to tfee 
wil4 type parent erigywe, 

lasojig the ^i5tations that are Incorporated in orse or 
more of the matiSBts listed in Table VXI it has beers shown that 
& the mutations R170¥ and K25IE asstabili2e the jsutant relative 
to the v^ild- type parertt enzyise, whereas the mutations HiaOB, 
GiSSS and ;K23 5I. is indifferent wit}3 respect to stafcility. 

It is seen from Table ¥11 that militants containing one 
destabilizing j^atation are destabilised, e:ven in oases^ where 

10 a stabilizing mutation is included, 

Tii0 stabilizing effects of *3:6p aad l?J76L> ax-© additive, 
MxxB is showsi fcy the inutmnts S 025 and S 035. B 025 doiitairjs 
three mxtfcations yhioh are indifferent to sitabiXity and tho 
stiatoiliEirsg isatation *36&* The denatiiratloh teisjp^rat'ure for S 

15 025 is inGreased by 3,S^C relatiye tp the vfiid type pai^©|it 
ensyise, which is equal to the increase measured for the single 
mutant *3iD? S 0:2 X, S[ 039 cqhtains the siaKie imutatipn IsSJ^D, tfee 
d^isaaturatioh teTsperature for S 03 5 is Ijicrea^ed fey 7*3 *C 
relative to the viid type pax^ent erispie, v?hieh> withih 

20 experimeintal error, is es^iisl tc the surs of tho inoroase 
Pleasured t^t the sirs^^le miit;ant& *36Di S 021 and H'/^D, s 2DI, 

1: 

The wash perf orr;5anco of three mutants was tested 
25 against grass juice stained cottos cloth accox^di«g to the 
method described in Assay ^. 

2x0 g/l of liquid detergent D3 was used. The detergei^t 
\<;'as dissolved in ion-exchang.sd water » pH ^v'as adjusted t© 9*1 
'«ith NaOH/Hei. 

30 ^he: tejsperatUre was kept at 30*0 i so thermic for 10 

xnin. The Butants were dosed at 1,0 and 10,0 lag ensy^Re prdtiein/X 
each» 

Hesiilts 

3S The wsh p^rfors^rance of thr^e^ sjsstante in coxtrnjercial 

UB~ll<3uiii detergent ^as tssted against gx-ass jalce. The results 
are shovim in Table '^'^XII. 



wo §:l/§634S 
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Pa it a R values; 



i'O isg/i X0..0 tqa 

9.75 ^,4 xg,0 

S 004 S<:54 13,7 xg^x 

S 006- 9,8S 6,0 15, s 

Frosi 'Sabie VIII it is that all ©f the 3ai5*ants 

exhibit isjprovesi perforsianc^ relative to the ^ili tBs« 

parent enasw. it 4^ further se^rs that t|ie best performance is 
acfeie^ea by the: sajtant haying pl„ closest to the pH of the l^asb 
soiutiori- 

:F:;: 

«he t^ash perf ormanc^^ of t^d rsutants vfas tested; ag^ihst 
grass juice stained cotton ploth aoeordincf to th& cdnditiops 
describ^id in ExaKtgie 

)Result& 

TU& wa:sh Jjferforjsance of t^o r$x3tants in de^tergeftt D3 

^?a3 tsstea afaihst gsrass juice stained cottori cloth. The 
results are shown in Table ik. 



IS 



20 



beita valuer J 
calG:ai:a:ted Bftgpse cdtic«nt ration 

^^^^^^ i^ ^ m/i 10.0^1 

30 S QD0 lO.OS S.S 15,3 

^ Oi? 9x40 17,0: ac.s 

From Table I5C it is sees., thsit all of th# ^iitaBfce 
exhibit isjproved wash perforaianee relative to the wild type 
parent en^jm©. It is further se«sT^ that the best performance is 
achieved by the snistant hmi^ng pi^ closest to the pH of the msh 
solutiors. 



-si? 



7S 

G; 

ThB wash gerf or»sJ^©o ¥arious matants was tested on 
graas juice atais&d cotjijoa clstib. aeoori3ijif to tha m«st?5dd 

S 2,0 g/I of detergeRt m. was us^d. 

The detergent was dissolvecl in buffer (0,0025 M Boric 
acid and 0 , 001 M disodiuia hydregen phosphate p:repared Ib ion 
exchanged water). pH was adjusted to 7,0 ^ 8,0 , 9,0 ^ and 
10.0 respectively with MaOH/HCl, Th& temperatujre was kept at 
10 30 "C isoth€srj«ic tor 10 miB. 

fjbe mutants wsr-e dosed at O^Z Jag ^naysie grpt©in/l 

each . 

15 Th:& wasii psrf orjfiancfe of soiafe of the: eyjayjsa variants 

of %h& invention at various pfl values in a snodoi systeis are 
showo in table 

2:. 4 6,:, Ci! a, 8 

3,2 5.6 S. 3: 

S,,..4 10.814x1 

^3 13;913,1 

13,0 1.3. 4 S. 2 

10.4 6.7 4x8 

I'bia rssMlts In Table X show olearXy? tb.at siiifting 
the Si protease tov?ards the pH of thsi Vasii li^jiaor 

35 improves tho wash psrfonnane© of tho proteasox 

The results aliso ^hdif-'v that ali variant^ teslied havf 
Imprcved per^ormane;e compared to th© wild type; parent: ens^^se 
a.t; |>H fceXow 10,0, 



25 
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Variant 

SGOO 

so 15 
S021 
SOI 7 
SO 25 

SD23 

S024 



■Mutation 



*36D 

H120D,GI95E>K23SL 
*3 6D,<H12GP/R17a¥, 
K235L 

G195ErK2 3SL 
*36D,H12DD,H170Y, 
<S195Ef K235L,, K251S 



V 

10,06 
9.95 
9,85 
$.40 



B - 



6.S6 



7 . 0 

0: . 6 
X ^ 3 
2.1 

4,3 
0,6 
&, 4 



wasfe performance of various jnutants was tested 
on grass j^ice st&in^d cotton clotte according to the s«etliod 
(lescriibe<i in Assay 

S g/i of liguy det«3rgent D3 %?as used. The 

detergent- Fas aissol-vreS; in q,:OG:§ s glycine prepared in ion- 

10.75 , IX. 0 11.5 ^ and 12,0, resjjssjtively, with jfeOH, Th® 
ta^ljerature was k^pt at isotfessrsio for IG siinutes. 

Tk© ssutasts were closed at 0,3 jjig proteln/I 



IS 



ao 



Ths wash perferxasRce some of t^j^s en^ymsi variants 
ox the ijwention at various pH valws in a model system are 
shows, in table XI, in thia case variants: with slightly higher 
px than th« wild type parent enzy^s .^as Ityestigatad. Mm pH 
range froa pB la.o to i2..,0 is investigated in Kvora details 
than in prior axa^piss. 
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Variant; 


l-lutation 






Del:ta 


B: 








pX 


0 


pH 10.0 






SOOO 




10 


.06 


7,0 




10.5 


:S027 


EB9B 


10 


» 2 S 


§-0 






S02S 


m,Biw 




.28 


.6 . § 




1,0,< 


mz2 




ID 


.2? 


4,7 




10. s 


S033 


E271Q 


lb 


,20 


7>X 




7,S 


SO 31 


DXOT^BS71Q 




« ^3 


4.7 


*7 


7.0 



Variant 


Mutation 




Dielta^ R 












PP 1:0 . 7 5^ 


11.0 




12. ( 


soeo 




XO.OiS: 




14.4 


10x6 


3 . B 


S027 




XG.2S 


ii.s 


14.3 


12,8 


s.o 


S02S 


maw 


10, 2 p 


X3>0 


14.4 


10.7 




S032 


D197H 


10,28 


13. S 


13 . S 




S.O 


S03 3 


:E271Q 


10.38 


X0.4 


13 « 7 




6 . 3 


SO 31 


m97H;,E2?i:Q 10.53 


10. ? 


13 . 0 


14 .4 


8.7 



The data in Tafeie XI sfaow, that at higo pH values 
Baxiisus! psrxormance is acaievsd at pH values a little above 
tfte calculated pi- still increasing tb^ pX of tM& protease 
tenas tq ipcrease tUe pB of ^stxitmsa perf:03?jRattce, The ef fects 
3 are not. as pronotinced as it is s^^n at 10%? pH valuss (asssa>' B 
ana G ) > 

X. > 

Xn order to vismaiise tfee correlation foetwsieiB 

10 lisoelectric point ot pt'oftease and the pH at ^»feic;!t the 

prqtsese has its ssaxljsam per f orssartce , the results frois 

examples B, Gy and H are tiseiS to find the pH at 'S'fJiich each o£ 

the investigated ^raflaitts (and the wild type parent enayfee) 

has its jnaxi^ujs »e.r f oriaattee in Figure 5 tijis pH: is shown 

■ mas? 

IS as a fiuhction of the calculated pi . 

■Taking into account, that the pH tNange is investi- 
gated in steps of 1,0 pH miue the correlation is ohvious. 

Concerning the combination of the mutants of the 
£0 inventioi^ with lipase experissentai results led to the fqilowing 
practical eencliis iesns : 

Lipai^e; was ^ta&le for an hdtjr in wa^h liguor of type 
Q at 37 *G. !rhe presen«3e of Saviisase^ led to x*apid deats'tiyation. 
Ka^usas^^ leiS to sabstantially: less inactivatioh of lipase over 
2S the period o£ the test* 

Prists iiiase; ^ w^s seen to he less aff^ressive to lipase 
than Sa^isjase*^ , hut taof e s<> than Kazusase* . sSubtilisin EFH* 
did not howesver inacti^'ate iipase at all under these condi>" 
tiisnsi 

30 

Preferred proteas^s^ ^f e.g. ih cohnectibn with 

lipase; in u&sh compositions represented by type 0, are Kratants 
Smir 0003. 00X2, SOIS, S021, S02S, S(I35, S235, 

Type 0 wash liquor was a S g/1 solution at 37 
3 5 derived from- the fallowing detergent for!2tiXatio.n (% by Kt.) ; 
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anionic surfaotanfe 


6 


notilonic surfactant 




fatty acid 


a.s 


aGryll.c; polymer 


3 




S2 


carbonati© 


10 




17 


clav 


.V 


-fcsrtlary aiaine 


2 


p s rb D r a t e isonohy dirate 


13 


.min«r«: and w&tBx 


to lOQ* 



A preferred protease for use e.g> in .connection with 
iipase iti w^sh obmpositions represented by type is .mutant 
IS $020, BQ21, SOaS, S03S, SSiS, 

'Pyp^fe W mm liquor ms a 2 g/l soltJtion of a Xiguid 
detergent having the f Glldwing f orisulatioh { % by vt) J 



^snionic: ^lirfactant 


16 


nonionic siarf actaht 


7 


hyclr^oi-t'ope 


6 


citric acid 
mm 


6 < S: 


monoethasoi a^, ine 


4,1 

a 


minors and water 


to ioo< 



Although the present .invention has been discussed and 
^xe&plified in connection with various specific embodij^ersts 
30 thereof this is not to be construed as a limitation to the 
applicability and scope of the disclosure,, which extends to ail 
co?8&inations and subcoTsbi nations of features mentioned and 
described in the foregoing as well as in the attached patent 
claims- 







SO 

Iv li 1813 ta ted subtil is Ib protease, characterised in that 

the net electrostatic cliarg*® has been changed ijs comparison to 
5 tl>e parant prip1neatS0 at tiie same pH, for exajsple iri that, in 
sadd prot^as^ there : are, reXatisre to said parent protease, 
fewer or mojre positively™cba^^ atcid residue (s) and/or 

m}T& or f ewer li&gatiweiy -charged aissino acid r®sidu0 (s) assong 





the 


amino acl^ 


residues aysy one or ispri 


& of 










9, IS 




14, 


X 'j: X;? ■ f, X§.-.^ 


IS, 


20, 23., 22, 24 j 








38, 


4 D , 41i, 


, 43, 


44 r 45, 46, 




50 ^ .51 , .3 2 , ^:^^ 




54, 




.58, 


S^, $0, 


! 61 , 


62, 75 t 76, 




78, 7©, 87, 89, 






94, 97, 98 




IO0> 


101, 


103, 104, 


. X.O jf 


106, 107, %mr 




10§> 






xis , 




lis, ISO,: 


X3:^ f 


12 S;^ X(S9 y 2s30 y 


1$ 




133, 134, 


X3^ > 


137, 


14 0, 


141, 143, 


144, 


^ . f . X'i'^.iiS. f sLw" - f. 




156, 


158, 


160, 


161, 


162, 


163, 164, 


165 , 


166 r 167, 170, 




3.? I . 


3.72, :i?3; 


ISl, 


182, 


183, 


284, 185, 


186 > 


IS 8, 18 §, 19,1, 






194, 




204, 


206 , 


209, 210, 


2 ^ 1 


<i .i.2 , 2x 3 , i;14 j 








a IS , 


235, 


236, 


237, 23 S, 


239 , 


24 0, 241.:, 24:3, 


20 


24 3 >: 


244 f 24 S, 


247 , 


248, 


249, 


^ V? *L ^ 2 S ^ 


as3, 


254, 2SS, 2B6, 




257, 


260, 


261, 


262, 2 


;63, 


265, 26S, a 


71, 


J 7 7 7 <5 




by deletion, substit\:tion 


, or 


insertion : 


( sing 


Is or mijltiple) 




adjacerst to the indiGatasI 


pos;: 


it ions, vh@3 


ceisy 


said sub tiXi sirs 



prott^ase tias^ an isoel«otrio poirit (pl^} lpw®.r than that of said 
as parent proteases, 

2 » A mtated subtilisin protease, in whioh the nst %lec~ 

t;rostatic charge has been changed in coiapar iscsrs -to the parent 
prdtess^ at the sa^e pH, for eKaisple in that in said protease 
3d there are, ^-elative to aaid paretvt prsatease, more or t&ttmr 
pos.iti^^sXy-'Chasrged ajaitiG assid r«ssidu®(s} and/'or f^%«er or mori® 
n^gatively-^cMrged amin^^ acid r^^itaue^s) , aMong the amino acid 
residues; at any one or sjore of positions 

1, 2, 3, 4, 6, % 10, 12, 14, IS, 17, 10, 19, 20, 21, 22, 24, 

35 25, 27, 36, 37, 30, 40, 41, 43, 44, 45, 46, 49, 50, 51, S2, 53, 
S4, 5S, S6, 57, 58, 59, 60, 61, 62, 75, 76, 77, 78, 79, 87, 8<^, 
91, 94, 97, 98, 99, 100, IQl, 103, 104, 10§ , 106, 107 , 108 , 
109, 112, 118, lis, 116;, 117, 118, 130, X26, 12S, 129, 130, 
131, 133, 134, 136, 137, 140, 141, 143, 144, 14J, 146, 1S5, 
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156, im, imr l&lr 162, 163, 164, 165, im, 3.70, 

171, 1T3:, 181, 182, 183, IMS, 1:88, 18% ISl, 

1$4, 1S3, 191, 304, 206, 209, 210^ 211, 2X2, 2X3, 214, 
ai5, 216, 217, 218, 335, 236, 237, 23S, 23#^ 240, 241, Ms' 
5 243, 244, 24S, 247, 248, 249, 2&1, 352, 253, 254, 25S:, 256, 
257, 259, 26Q, 261, 262, 263, SSS, 20^, 271^ 272, 275, 
by S^l^tion, substitijtioB, m iBs^rtion (sitjgl® ©r jsultipl®^ 
adjacent to th© iMicatad positioii^, m^tehf saia siibtilisift 
proteass has an isoMctric pH {.pl^) Mgto^r tten that pf said 
10 par&nt protease . 

* protease of claim 1 or 2 , cliaracterised in that 

it possesses at least one rratation affecting an amljio acia 
tes^ite occupying a ..petition; .chores frois the .group of posi- 
15 ■fcions 

1, 2, 3, 4, 14, 15, 17, 18, 20, 27, 40, 41, 43, 44, 45, 46^ 
Slv SS, &0i 61, 62, 75;, 76, 78, 79, 91, 94, 97, 100, 105, MS, 
XQB:, 112 , 1X3^ ^ ^^^^ j.^^^^ 3.3^^^ ^33 ^ ^^^ ^ ^^^ ^ ^^^^^ ^^ ^ ^ 

14-3, 1:44, 145, 146, 165, 173, ISl, 1S3, 184, 18S, 191, 192, 
20 206, SIO, 2X1, 212, 2l«, 23&, 240, 242, 243, 244, 24S, 

247, 248, aSl, 2§2, 253, 355, 2§7, 2SS, 2S3, 269, 

j2 -X- ^ -2 ^ 

^ * ^Ise protease of claiB 1, 2, or 3 , character isssd in 

25 that it ijossessss at l^a^t ©n^^utatlon ^tiBctim ^h mino acid 
residue occupying a position chosen from ^^toxxp ot posi- 

tiOR.S 

1, 2, 3, 4, 14, 15, 17, 18, 20, 27, 40, 41, 43, 44^ 45, 46, 
51, S2, 60, 61, 62, 75, 76, 78, 79, 91, 94, 97, 100, 105, 106, 
30 108, 112, 113, 117, 118, 129, 130, 133, 134, 136, 13?:, 141, 
143, 144, 145, 146, l&S, 173, 181, 183, 1S4, 1S5, 191, 192, 
206, 209, 210, 211, 212, 216, 23S, 240, 242, 243, 244, 345, 
247, 248, 249, 251, 252, 2S3, 2S5, 256, 2S7, 259, 263, 269, 
271, 272, 

35 ana at least on® further Bxstation affecting an asdno acia 
residue Qecupying a position phosm from the group of posi- 



l, 2, 3, 4, 6, 5, 10, 12, 14, IS, 17, 18, 19, 20, 21, 22, 24 
25, 27, 36, 37, 38, 40, 41,: 43, 44, 4&, 46, 49, 50, SI, 52, 53 



S2 





54, 


55, 56. 


, 5?,, 


S8, 59 f 6€ 


61, 


62, 75, 76 


. 77, 


78 r 7S, 87 


, 89, 




91, 




, 98 




100, 


101, 


IQJ , 


104 , 


105, 


l u f 


X u / , 






109 f 




113, 


1 Ir, , 


116 ;^ 


117, 


11 <i , 




12:6, 






130:, 




^ f- 


133 , 


134, 


136 f 


137 , 


14:0^ 




lit «\ . 

i.4 J , 


144, 




"S A H 
4,4 tS j.- 


IBS, 


5 




im f 




lov , 


loX , 


162 






lis, 


jg; 


1 W i , 


170, 




X X f 




X73, 


101 f 


182 , 


1BS> 


1S4, 




1S6, 




im , 


191, 




lB2f 






197, 


204, 


206. 




210, 




^ X 3 , f 




214,, 






216 ^ 




S IB f 


^.3.'^ ^. 


^.'3 ^ 


237 , 


238, 




24:0, 


24 1 , 


242, 




MS, 


244 t 






248 , 


249, 


4^ ]X- jT 






254 , 


ass. 


2S6, 


10 


2S7, 


2S3, 


2 m, 


261, 


2 m r 


263, 


a6s. 


2t71, 272, 27 5 « 





5* A p^rotease as qlaissed in a«y pree®ding claim, fmrtfe®r 

chSiiifact.i^t'is&ii in t.hat it. <Jon1;axDs isn& or taore of "the mtjta- 

IS RIOF, RIOL, S10FfR45A-i-E89S-^B13&Q-fR145A-tDlSlH4RlB6P-fE271Q, 
RlOF4-S19Q+E89S-hE136Q-^J^14 55s.+0XSlH4E37IQ-i-E275Q, QISK, Q12:H, 
Ql 2K4-FX4 D-4-T22Kf 3Rf C>&9E-Ki>i7 8 R+S9 9 D-^S 1 5 6S-^- A15 SR-i- A17 2 D+ 

H17 3K+T2I3R-i-b5a48 Dt-T2S5£-^S2S6M2 59D4-A27 2R , Q12RtP14Df T23R-t-N4 3R-f 
QS9E-f!^76D4-ASSR4-S99D+S156E+AI5BR4A172mHX73KY'J?21^^^^ 

20 S256K+S259D-iA272R, Q12K*Pi4D*T22:IH-T3:8K^»43E+S59E*'»7.6D*'IS&8R+. 

Pl:4 WTa a&^S S:K*M4 ;3 R*Q5 9 B+3S7 6 AS S S 9 9 S^H12 S D*M14 0 B-f S 14 
S156E-^lil§S^&172D:^^^l?3K~^S^^ 
^12B1'l'14pHr^!raaE*T38H*N43i?*Q$9E^H^^ 
a 1 Sei^AlS 8E+i^l7 2 

&g72R, P14P, P14K, P14K**36D, ^i4K«18tj, Pl4H*£»12SB, AlSK, 
A15E, UlSa, T2;2K> ^22J^, K27J?, D32*, *3SD, *3SIHmi70¥+ 

30 ei9SB+K2Si:S, *36b-fH126D+R17a¥+G19SS*K335 *36B+-HX2DfI)*E17&Y* 
@lf§E>fK23SL4-K2SlE, *3:6&«2SB*G19SE4-K235L, T38K, T38R, D41E, 
il43R, N43K, R45A, ES3R, ES3K, E53G+K235L, ES4G, ES4¥, QS9E, 
0S9E~^H7 6 D^h9 8R+S 9 3 D4-S 15 6E*A 1 5 BR-s- Al ? 2 D-fU 17 3 K-r T2 1 2 4 8 D-*- 
T255E-f-S2S6R-fS259I>tA272R ,S66K% 1I76D, E89S, ESSS^-KSSIM, Y91F, 

3S K94R, G97D, GS7D-;-H12DK, mm,, A98R, S99D, S99mH140K, EI12T, 
H120K, H120D, H120EH'K235L, H12 0D+G195:E4- K23SL, H12QD-fRl?0t+ 
aiS5S+K23SL, H120&+R170Y~^G195E-fK235L+K251E:, Pia9D, E136Q, 
E136R, E136QtR10L, F14DD, NI40K, K140:R, S141K, S141H, 
mi45A, S156E, SlS6E+A15SRt:A172p-J~IJ173K, SiS6B-*-A15SR4-A172D-^ 
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3K4-1?2 X:3H , S iS6E*AlSSE4-A17 3 KtT2 1 3 R+N2 4 8 D4T2 5 SE-f- - 

SmSm-BtB^m-Mim,. ^XSSR, ^ISSK, ^IOV, E170Y, SlTOY-fGlSSE, 

Y1?1T> Ai7;20;, K173K, DISIS, in84R, H185P, RIW, Y192\% 

5 tlpay^i^, eiSSE, GISSD:, GlSSE^-X^Sim, GlSSE-i-SaSlEf G3,SSE4Kg3SL, 
m^lMy D1S7K, D1^7E, QSOSD, QSO&B, ysi43J:, 
N2XaD, KglSg, S2a5L, K33SK> K237RVS?241¥, wa4lY*Ha4SS, 
J?a48D, B24SR> KgSXE, KSSIS, K25aS, WaSSE, SaSSR, 
BiSm, S35St, t2«3¥, S26Bi?, B27m. E2710^ MlG-f 

10 mj^, B271Q,G, A272B.i M7m, R275Q, 

K27D, K27D-i-D120K, E:54Y, ;H97M9SD, ^97tH-'y2i3B, 

S$8D, S9SD+T213B, :D12D;K, DUm, Sl&SE, D172K,: T2t3D, 

6. A protease as claimed in any preceding claim, furthar 

characterised in that the mutated subtiXisin protease &m^Ki- 
ses one or laore of tha ;r!!U.tatiQRs; 





SO 01) 






-"J > 




20 








BQ04f 














H 12 OD 




SQS8) 




S5 




T71D; 




SOlO) 


T71D4-:G1.§S£ 




soil) 


i^i70Y*K:25aB; 










S013) 


^7 XD+fei7OY+K201E 


30 


S014| 


T71D-fJ^170¥-t-G19.5STK:25XE 




S015) 


K235L 




S016I 


HX20D-i-K235L 




S017) 


HX20D-^G195E4K23:Sr, 




SO 18) 


«SX9§E~fK2SlE 


3S 


SOI 9 5 


HX20B4E170f-i'G19SB'fK233:L 




S020) 


H120D-f R17 Q¥*S19SE+K2 3SIrf K2 SIB 




S021} 






S022) 


*3 SD f RX7 OY-f O103E1-K2 51i; 




S023) 


*36D-tH12 QBfE17B Y-S.aa9§E-fK2 3 5I> 
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£024 > *3 6D-fH12Dm-S170¥-fG19:5E-fE;235IH'K251E 

S035) *3SD-f-Hl 2 OmSl » 3 Si> 

S0a6) E136,E 
S027) 

Smi) D197N+E27iQ 



S033) 

IS S033) t271Q 

$841) S:19SF 
S261) M7m 
S2D2) H76P4<;1#5B 
XB S2Q3I H76D4R17d¥*SX9SE 

S a 0 4 ) Hi 2 0D4-G X§ 3 51>f K2 5 IK' 

S22 3) Q 5 9 7 8R+S 59 D-M^2 13KtS?a 3 5 L-f Na4? Df $2 SSS-J- 

S256K+S2 59D4-!\272R 
SIM) QSSE+K7 6D-i-A9SK4-S99D4-H120DH-NX4 0S4Si41ll4-E23 5I.-f 

m H24SDrT23&E-J-S256K-!-S259D-^A272R 

*3^»4-Q§g£-f H76D-fA9 SB4S 5 g D-f RX7 0 Y+S 1 5 SE-f A 15 aB:4 

Xl7204MX73R-rK235X^rN24SB-rT2 55E4-S256K4-.^^ 

A27aK 
8326) *36.Q 
2S S227 ) * 3 SS-f QS9E4N7 6D*AS SE4-;S9 9E!*K;1 2 OD+H 1 4 OD^S i 4 

EI7 O^G is WK23 5X>$?24 $ P4^3?255E+^^^ 

li2?2R 

S228 ) *3 SE-f Hi? 6 D-f^S 8B+S:$ '&D^-Ki2 0D+Mi4 QD*S 14 1K4 

gi56B*^15SE*AX?2DTkl?3K4Ka3BIi+H24aD*^255E4 

il2 2 9 ) Q S 9 E+N7 6 0+31^ 8 E4 S 99 134 Hi 2 0 B4-Jf 1 4 0 D+S 1 4 1 EH- S 1 S 6 

A158E431i72X>4^Bl73l<H'K2 3:51*^|5 
S2S9Dm272H 
S234) QSOSD 
35 S23S) *36D4-M76D 

S 2 4 2 ) * 3 SQ^M? 6&f Hi2 D D4S1 3 SI> 

CGOl) D14K 
CG02) m2om 
COQZy D140K 



8S 



C004) 




COOS) 




COQSI 




C008) 








COlO) 








COM) 




C03.5) 




CO 17} 




coxa) 




COXB) 


i?97D*Tax3a 


CO 22 ) 




CC528) 




CI 00) 


VSID 


CI 01) 


E54T 




ES4¥ 



A sjutated sufotilisiri protease, characterise^ in tfcat 
20 it poss®ss«ss an insertion lautation at position 36, 

^ protease according to clair;^ 7, characterised in 
that it possasses an insertion sutation giving a negativaiy 
charged aBirio-aeid r^sia^:^ at position 36, for ©jcample *3 6D or 

^* ^ protesse a^qcpjrding to ciais? 7, charaot^rissd in 

tiiat the irissrfcioB mutation ^sroVides a nsutral amtno'-acid 
residue j 8,g, a neutral polar residue, e.g, *36A^ *3§0, or 
30 *36!f, or a pOiSltiyely~chargea ajsino-acita residue, e,g> or 
*36X. 

^ prbt^a:^e accbardinf to cXaist 7, Gharacterised in 
tl-iat it possesses a further natation at: a«y 6ne pr Mor® of 
3S positions 120, 170> and 2^1, *36p and one or 

Kior® of H12QD, R170lr, SISSE, K23SL, and or *36S or *3:SE 

and one or more of Hi20D, Rlio^, SI&Se:, and EasiE. 



II. A proteas®: according to plaim 7, claar-act^rised in 

tfeat it isQSsesa^s a furtiaer ^iitmion at position 76, e,g, to 
sitfestitute a negative ly--ch3.rged sjsino acia f^si^^ie at position 
7&f ^.g* or S76B, 

B 

12 » A protease accarding tq clai3» 11; characterised in 

that it possesses s further siutatlon at svutation at any one or 
■mor© of positions laO, 170, 195, 235, and 251, e.g, *36D-i-H76D 
arid one or Jtsore of H120D, R170Y, G1.95E, K235Lr and K251B? or 
10 *3SQ-I-H76D or *36E-^K?6D and oao or more of S120D,, R170Yf GISSE, 
K235L, ana K251E, 

13* A protsa^e according to cXalss 7, charact©ri^i©d in 

that it isossssses: a f arther Bsutatioa to give ai positive diiarge 
15 eisewlier^ in th^^ protieasa molsQuies for sxainpXe at ppsltipii 
2X3y £or example I'XXSK. 

1.4. A: ssutated subtil Isiri proteass,^ cfearactarized in tfeat 

one or more assino acid residwss i.r\ a distance df isore than tB& 

20: £ro^ the catalytic! triad of said protease h&.s be^n changed in 
teoiaparison to tJse amino acid ssguancs of its parent enzps0> 
and in a tv'ay to provide for a -mutant protease having an 
Iso^ilectric point J pl^, shifted in thffi ssme dirsctiors as it is 
desired to shiit the pH opti5\\tj5^ for tha wash performance of 

25 eaid mutated protease.; 

15, A protaase according to any of claims I to 14 ^ 
character isssd in having an isoeloctxic point ipl^) lower than 
that of tfee parent protease > and haying ojie or laore mutations 

30 egiiit''alent to ressdval of a posit ix?ely~ciiarged amino acid 
residue or addition of a negativelj'-cftar^ed :^siind-acid r©s:idtie^ 
rolati'i^e to the parent protease, at the site of at least orte 
a:iS5ino""acid residue located yithin the r^nge of S!:bo«t l5|i--20^ 
from the acfci's?® site^ especialiy for exampie at positioBS 170^ 

W 1-20 , or 1&S< 

16, A protease as claimed in any preceding clai^^ further 
cimracterieed in that it reprasents a BJUtation pt a parent 
engys8® Selected fros) subtil is in B-WV , sufetilisin aisylosac*' 
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subtil is in CarXsberg, sabtllislu s^&tilisin 3 OS, s\jM;i- 

lisin 147, ths^itasej. aqualysin, Bacill»s IBmt protease, 
pxoteims^ ^rx3%&^^B TW?, and Protease^ TW3. 

-^^ protease as claiMed in claiia 16, furfcjier characte- 
rised it) tliat the fmrmt sufetilislT) sttbtilisin 309. 

18, A protease as ci aimed in clai» 16, further character 

10 risea in that tfee j>arent s^fctilisin ip sufctilfsiB 147, 

19^ h protease claisaed irs claiiu IS, further characte- 

rised in tmt tk^ parent subtilisin is s^fotiiisin Carisberg, 

3-® ^ PJ^^ste^sse asi pl^ijaed in q characte- 

riss^d in tMt the parent sub tills i?j is BaciXius l^Bss protsass. 

^•^* ^ mettipd for determining or sslscting the posi~ 

tionCs) and the amino acid (s) t6 foe deleted, ^ufostitwtea or 
20 ihsesrted for the amnp aoid^^i in a parent enzyts©;* ckarac- 
terig^ci in that the selection is performed in a way whereby the 
calculated n^t electrostatic charge .(=mm} in a Gdntes\plated 
«tant mzMB hast been changed: in cojspari^on to tfae Nf C in the 
parent ensysse of ohoic^^ caiculated at the saiae pH value. 



2S 



22; The jnethoa of claisa ai, further charaoterls;ed in that 

ths ajaino acid residues selected are situated on, at or near 
to the surface of said parenlj wym, 

siethod of claisa 21 or 22, further characterixed 
in that the aisino acid residues selected are chosen a&cng the 
amino acid residises at any one or more of positions 
1> 2> 3, 4, 6, 9, 10, 12, 14, 15, 17, 18, IS, 20, £1, 22, 24, 
25, 27, 3^^ 37, 3S, 40, 41, 43, 44, 45, 45, 49, SO, 51, 52, 53, 
35: 54, 55, 56, 57, BB, SB, 60, 6i, 62, 7S, 76, 77, 78, 79, S7, 83, 
§1, 94, 97, 38, im, 101, 1Q3, 104, 105, 106, 107, 108, 

109, lis, 11:3, 115:, 1X6, 117, lis, 120, 126, 128, 129, X30, 
X3X, 133, 134, 136, 13?, X40, 141, 143, 144,: 145, 146, 155, 
XS6, 15S, 159, l$0, 161, X62, 163 , 164, 165, 166, 167, 170, 
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171, 


172, 173, 




3^ 3 3 f 


184, 


TOG' 


IB 6 


, 188, IS 


9, 191, 








206 , 


2 OS , 


210 V 


211 


)■ J,* -i- ^v- 


"< , 5' 4 . 

■ ^ , -N. ^ , 


sr 






236, 


S37, 


23 8 , 


239 


f j;^ 'St V ■'J 


J. , ,<v -i- , 


243, 


244, 245, 


247, 248, 


249 , 


2S 1 f 


252 f 


253 




p; 'J R f V 

, <v ^ V , 


257, 




2£>1; 262:, 


363, 






;7i,. 


272, 275, 




24. 




mthod of 




3 1 / 


22 br 




further 





t:eri2«^2 in that the amino acM x&^idu&m selacted ar'^ qfeosen 
ajsong t&® aialnQ acid sj-ei^idts^s at any one or lasr^ of positions 







t 3, 4 


? ^ , 


XQ 




14, 


X ^ :/ . X ^ f f X 9 ; f . 




24 , 






27, 3^ 


, 3?, 


36 > 40, 41 


, 43, 


Mf 45, 46, 4S, 


0.0 .f ^ X / ■ S 3 ^ 


53, 








, S *? 






, 61, 


76, 76;, 77 j 


79, 87, 


89, 








f. S 9 ,. 


10 Q, 


101:, 


103:, 104, 105,: 


106, 107, 


108:, 






X X'i^../ 


1 1.3 ^ 


X.1& , 


116, 


ii?> 


11 8: J 13 0 > 1.2 6 , 


128 , 129 1 


130, 


IS 


X.3:X ^ 


X3 3' f 


134, 


X36 , 




140, 


141, 143, 144, 


14 5, 14 6, 








IBB , 


1S 9 .< 


160, 


161 , 


162, 


163, 164 ( 165, 


166, 167, 


-A, v.' f 




171,, 




173 , 


181, 


182 , 


183, 


184, IS 5, 186, 


188, .189, 


191, 




3>. !@ 


194, 


1&5, 


197 , 


2.04, 


206, 


209, 210, 2X1, 


)^ ^ f. -(^ »i- . f 






215 , 


216, 


^ ' / 


218 , 


■flS^ 3 if 


236, 


237, 238, 239, 


240, 241, 


-S- ^ jf 


20 


3 :f 


244,, 


■^ .■^ jr. 


247, 




24S, 




254 ,■ 255 


2S6, 




257, 


259, 


26P, 


261 > 




2 S:3 f 


265, 269, 271> 272, 27S. 





fh© jgethod of cXaiis 21,^ 2^^^^ 23 or 24 , further charao- 
t&rised in tfeat th© ajslno aoid rssMuess s^slessfci^d aris choisfen to 
25 af fefet an atsilno acid residue oscapying a poBitiot) chosen fros 
tli© gro\ip of pasltlons: 

1^ 2, 3, 4, 14, 15, 17, IS, 20;, 27, 40, 41, 43, 44, 4S, 46, 
SX, 60, 61, ^2, 75, 76^ 7B, 79, 91, f4, 97, 100, 105, 106, 

108, 112^ 113^ 117, lis, 129, 130 >. 133, 134, 136^ 137, 141, 
30 143 , 144 ^ 145 , 146 , 16S/ 173, 2-Sl, 1S3, 1S4 , 185 , 191, 192 , 
206, 209, XlOj, Sll, 212, 216, 239, 240, 242, 243, 244, 245^ 
247, 24S, 249^ 2Sli 252, 253, 2 SB, 256^ 257^ 259, 263, 269^ 

^ ^ f S f. 

aj^d ::^t l&asfc djie furtfcer affecr.ing an asaino acid rssisjue 
35 occispying a position chosen from tlje group of positions 

1, 2, 3, 4, 6, 9, 10, 12, 14, 15, 17., 18, 19, 20, 21, 22, 24, 
25, 27, 36, 37, 38, 40, 41, 43, 44, 45, 46, 49, ,50, 51, S2 , 53, 
§4, 55, 56, 57, 58, S9, 60, SI, 62, 75, ?6, 77, 78, 7S, 87, 89, 
91, 94, 97 , 98 , 99 , 100 , 101, 103, XQ4 , lOS, 106, 107, 108, 













89 














112, 


113, 


115, 


lis, 


117, 118, 


120, 


12 S, 


128, 


129, 




131, 


133, 


134 , 


136, 


137, 


im> 141, 


143, 


144, 


145, 


146, 


155 . 


156, 


158, 


iS9, 


160, 


X:61, 


162, 163, 


164, 


165, 


iss , 


167, 


170, 


171, 


172 , 


173, 


ISl, 


1S2, 


183, 1S4^ 


185, 


1S6, 


18 






192, 


194, 


IS 5, 


X@7, 


204, 


a06, 209, 


210, 


211, 


212, 


213, 


214 , 


215, 


216, 


317 , 


21S, 


235, 


236, 257, 


ass, 


23^, 


240, 


241, 


242, 


243, 


244, 




247, 


248, 


249> 251, 




2S3, 


2S4, 


255, 




25t, 


2 m f 


260, 


261, 


2:62, 


2^3/ 265, 


2m f 271, 272, 275, 





IP 36. A method as claimed in any of ;the claims 21. to 25. 

furtiier characterised in that the parent ej^zyjne is Selected 
fCT sxibtilisin BPKS subtilisin aBylosacchariticws , subtsllx- 
sin 168, subtilisin ineseBtericopeptidass, sufotilisin Carls- 
berg, subtilisin Dv, subtilisin 309, subtilisin 147, thermi- 

15 tase, Bacillus prpt^ass, proteirsassi k, protease l?l*7, a»d 

^^^^ ^ methdd as: olaisted In ciaijn 26, f urther characteri- 

sed in that th<& pasrent subtilisih Is subtiiisin 309, 

2S 

^ jsetisod as islaimed in claim 26, tuj^^th^r charaGteri- 
sea in tfaat tise parent; sabtilisin is subtilisin 147. 

^ ssetxsod ss claimed in claisi 26, further charaet&ri-- 
25 in that the pajrsnt s\jtot:ilisiji is siibtilisij^ earisb^rg . 

-^^^ jsethod as claisved in claim 26 ;r furtber cjh®ra<5t%i-- 
s®a in tbat ttete parent stibtiliisin is pabillus PBi2 protsa^e- 
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